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- RESULTS OF THE SEVENTH SATURN I LAUNCH VEHICLE TEST FLIGHT

By Saturn Flight Evaluation Working Group

ABSTRACT

This report presents the results of the Early En-
gineering Evaluation of the SA-7 test flight. Third of
the Block II Series, SA-7 was the second of the Saturn
classvehicles to carry an Apollo Boilerplate, BP-15,
Payload. Theperformance of each major vehicle sys-
tem is discussed with special emphasis on malfunctions
and deviations.

Test flight of SA-7 proved the capability of all ve-
hicle systems. This was the first complete flight test
utilizing the ST-124 for both stages and the second to
- demonstrate the closed loop performance of the path

guidance during S-IV burn, The performance of the
guidance system was successful and the insertion ve-
locity was very near the expected value. All missions
of the flight were successfully accomplished.

Any questions or comments pertaining to the in-
formation contained in this report are invited and
should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama

Attention: Chairman, Saturn Flight Evaluation
Working Group, R-AERO-F (Phone
876~2701)
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GEORGE C. MARSHALL SPACE FLIGHT CENTER

MPR-SAT-FE-64-19

RESULTS OF THE SEVENTH SATURN I LAUNCH VEHICLE TEST FLIGHT

By Saturn Flight Evaluation Working Group

SECTION 1.
1.1 FLIGHT TEST RESULTS

Saturn launch vehicle SA-7, third of the Block II
vehicles, was launched at 11:22 AM EST onSeptember
18, 1964. The flight test was a complete success
with all missions being achieved.

SA-7 was the third Saturn vehicle launched from
Complex 37B at Cape Kennedy and represents the
sccond launch of a Saturn/Apollo configuration. The
countdown of SA-7 was interrupted by four holds that
lasted for a total of two hours and 42 minutes, The
first hold came at T-245 minuies of the countdown and
was caused hy inadvertent firex system activation on
the service structure during air conditioning duct re-
moval. The hold lasted for 69 minutes. At T-30 min-
utes a scheduled 20-minute hold was exlended 4 min-
utes when the S-IV LOX pressurizing regulator
indicated a malfunction. The third hold, at T-12
minutes, lasted for 20 minutes. The hold resulted
from a malfunctioning of the S-I hydraulic pump tem-
perature OK interlock which prevented S-1 hydraulic
pumps from being turned on. The final hold was a
range safety hold. Grand Turk Radar was operating
intermittently. This hold was called at T-5 minutes;
it lasted for 49 minutes. The count was recycled to
T-13 minutes, resumed, and continued through launch.

The actual {light path of SA-7 deviated {from nom-
inal due to high S-I stage performance. Total velocity
was 39.4 m/s higher than nominal at OECO and 1.8
m/s higher than nominal atS-1V cutoff. At S-IV cut-
off the actual altitude was 0.99 km lower than nominal
and the range was 13.72 ki longer than nominal. The
cross range velocity deviated 3.5 m/s to the left of
nominal at S-IV cutoff. The S-IV payload at orbital
insertion (S-IV cutoff + 10 sec) had a space-{ixed ve-
locity 2.8 m/s greater than nominal, a perigee alti-
tude of 180. 21 km and an apogece altitude of 231. 10
km, giving a predicted lifetime of 3. 8 days, 0.6 days
longer than nominal. The extrapolated orbit based on
data for an epoch of 10:57 Z, September 22, reached
the estimated breakup altitude of 86 km at approxi-
mately 11:50 Z, September 22, at coordinates of 21,7
degrees S latitude and 56.4 degrees E longitude. The
theoretical ballistic impact time is approximately

FLIGHT TEST SUMMARY

12:00 Z,September 22, atl coordinates of 26. 4 degrees
latitude and 69. 0 degrees E longitude.

The performance of both the S-Iand S-1IV stage
propulsion systems was satisfactory for the SA-7 flight
test. SA-7 was the third Saturn vehicle to employ H-1
engines at a thrust level of 836,000 N (188,000 lby) to
provide thrust for the S-I stage. The vehicle longitu-
dinal thrust of the S8-I stuge averaged between 0,92
percent (engine analysis) and {, 24 percent (flight sim-
ulation) higher than predicted. Vehicle specific im-
pulsc averaged between 0,71 percent {engine analysis)
and 0.90percent (flight simulation) higher than pre-
dicted. The performance of all subsystems was as
expected for the flight test.

SA -7 also represented the third Saturn flight test
of the RL10A -3 engine for the S-IV stage. The vehicle
longitudinal thrust determined by engine analysis was
approximately equal topredicted thrust, and the thrust
determined hy flight simulation was 0.89 percent
lower thanpredicted. From engine analysis, the spe-
cific impulse was 0,02 percent higher than predicted,
but was 0,98 pereent lower than predicted based upon
flight simulation. The performance of all S-IV sub-
systems was as expected for the flight test,

The overall performance of the SA-7 Guidance
and Control System was satisfactory. The ST-124
system, along with control rate gyros, provided atti-
tude and rate control for both stages. Partial load
relief was accomplished by control accelerometers
active in the control loop from 35 to 100 seconds.
Vehicle response toall signals was properly executed
including the roll maneuver, pilch program and path
guidance during the S-IV stage flight. The counter-
clockwise roll moment, due to the unbalanced aero-
dynamic forces caused by the S-I turbine exhaust
ducts, resulted ina roll attitude error of -3.5 degrees
near 60 seconds. A large aerodynamic moment in
both the pitch and yaw was required to simulate the
telemetered control parameters during the S-1 stage

flight. The source of this moment has not been iso-
lated.
o sasmenll)
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Separation was executed smoothly with smallcon-
trol deviations experienced in the pitch and yaw plane.
A larger than expected ullage rocket misalignment
produced a significant roll deviation of 6.0 degrees.
The ullage rocket misalignment in roll required to
simulate this deviation was approximately 1.2 degrees
compared to a 30 RMS value for the four rockets of
1. 4-degree.

Path guidance was initiated at 17. 2 seconds after
separation. Performance of the adaptive guidance
mode in the pitchplane and delta minimum in yaw was
satisfactory in achieving insertion conditions very
near those desired.

A misalignment of the ST-124 stabilized platform
occurred during the holddown period after ignition of
S-1 stage engines. The cause of this condition was
traced to a high vibration of the leveling pendulums.
This vibration of the pendulums is believed to have
driven the platform out of alignment before it became
space-fixed at liftoff. The total measured ST-124
guidance system space-fixed velocity at S-1V cutoff
was 7806.0 m/s (7806.0 m/s was programmed for
velocity cutoff). The total velocity at cutoff from
tracking was 7807.8 m/s. Most of this deviation is
due to the problem mentioned above.

The maximum bending moment experienced dur-
ing the flight of SA-7 occurred at 74.7 seconds and
indicated a maximum of approximately 30 percent of
the design moment. Second mode bending frequencies
were noted for a short period after separation, with
the frequency gradually decreasing tonear first mode
prior to LES jettison. First mode bending was excit-
ed for a short period of time following LES jettison.

The vibration levels on the S-I stage were among
the lowest ever exhibited by the Saturn vehicle. The
S-1V vibrations were about the same as previously
observed.

No unexpected environments were indicated for
the SA-7 flight. Surface pressures and temperatures
on the S-I and S-1V stages were in good agreement
with past results. S-I stage base thermal eaviron-
ment was similar to previous flight results indicating
maximum heating to the outer region. Simulation of
the flame shield total heat rate indicated a level of
30-40 watts/cm? after approximately 70 seconds. This
verifies that no convective cooling is present in this
area as would be expected. Engine compartment
temperatures indicated that no fires existed in the
S-1 base. Compartment pressures and loading on
SA-7 were in good agreement with expected levels.

The S-I1 and Instrument Unit electrical systems
operated satisfactorily during the boost and orbital
phase of flight. All mission requirements were met.
The life of the F6 and P1 telemeters was 129 minutes.

All 8-1V electrical systems functioned properly.
All power requirements were satisfactorily met, and
sequenced commands were received and executed at
the correct times.

Overall reliability of the SA-7 measuring system
was 99.35 percent; this includes 8 measurement mal-
functions that resulted in total loss of information,
Operation of the three airborne tape recorders (one
in the S-1, one in the IU and one in the S-1V stage)
was very satisfactory. The playback records were
free of retroflame attenuationeffects. The passenger
fire detection system, flown for the first time on
SA-7, operated satisfactorily. No fires were indi-
cated.

Ninety-one cameras provided optical coverage for
launch of SA-7. Nine of the instruments failed due to

a power failure on camera station 4.

Recovery of the 8 onboard cameras was impossi-
ble because of Hurricane Gladys. Two cameras were
subsequently recovered after having been washed up
on the beaches at San Salvador and Eleuthera Islands.

The Boilerplate Apollo Spacecraft (BP-15) per-
formance was highly satisfactory with all spacecraft
mission test objectives being fulfilled by the time of
orbital insertion and additional data were obtained by
telemetry through the Manned Space Flight Network
until the end of effective battery life during the fourth
orbital pass.

1.2 TEST OBJECTIVES

The objectives of the SA-7 flight test were as
follows:

1. Launch Vehicle Propulsion, Structural, Guid-
ance and Control Flight Test with Boilerplate Apollo
Payload - Achieved

2. First Complete Flight Test (Both Stages)
Utilization of the ST-124 Platform System - Achieved

3. Second Flight to Demonstrate the Closed Loop
Performance of the Path Guidance Scheme during S-1V

burn using the ST-124 Guidance System - Achieved

4. Third Live Test of S-IV Stage - Achieved
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5. Third Flight Test of Instrument Unit - Achiev-
ed

6. Demonstrate Physical Compatability of Launch
Vehicle and the Second Apollo Boilerplate under Pre-
flight, Launch and Flight Conditions - Achieved

7. Second Testof Guidance Velocity Cutoff (S-1V
Stage ) - Achieved

8. Third Test of S-1/S-1V Separation - Achieved
9, Third Launch From Complex 37B - Achieved

10. First Flight of Active ASC-15 Time Tilt
Polynomial for S-I - Achieved

11. First Complete Flight Test (Both Stages)
Using Control Rate Gyros in Closed Loop - Achieved

12. First Flight Test Demonstration of the Space-
craft's Alternate LES Tower Jettison Mode Utilizing
the Launch Escape Motor and Pitch Control Motor-
Achieved

13. First Test of the S-1V Stage Non-Propulsive
Venting System - Achieved

i4. First Test of S-1 Engine Area Fire Detection
System (Passenger Only) - Achieved

15. First Test Without S-IV LOX Tank Backup
Pressurization System - Achieved

16. Recovery of 8 Movie Cameras Which View
LOX Sloshing, Separation, Chilldown, etc - Not
Achieved:

17. Third Orbital Flight of Burned Out S-IV Stage
and Instrument Unit; Second Orbital Flight of Burned
Out S-IV Stage, Instrument Unit and Apollo Boiler-~
plate; Approximate Weight 17,700 kg(39,100 lbm) -
Achieved.

* Two cameras were subsequently recovered after
having been washed up on the beaches at San Salvador
and Eleuthera Islands.

TABLE 1-1, TIMES OF EVENTS
Range Time Predicted
Event X ) ] )
Time From Time From Time From
Actual Pred Act-Pred First Motion Guid Zero (Ti) OECO (TB3)
First Motion 0.06 0
LO Signal (Umb Disc) G.26 -
Guidance Detects LO 0.27 0.27 0 -
Guidance Computes Zero Time .33 G.33 0 - 0
Brakes Released 10,96 | 10,96 0 - 10.63
Load Ladders & Roll Command 11.28 11,28 o] - 10.95
Pitch Command 12,88 12.88 0 - 12.55
Roll Completed 26,4 26,35 .05 - 26,02
Lock Modules 136.59 136,59 0 - 136,26
Level Sense 139,54 138,93 k .56 138,87 - -8, 0%
IECO 141 .54 140.93 .61 140,87 - -6,0%
OECC 147,64 146,93 .71 146,87 - ' 0
Ullage Rockets Ignite 148,34 147.63 71 - - . 0.7
Separation 148,44 : 147.73 W71 - - 0,8
Open §-1V Accumulators 149,24 { 148,53 .71 - - 1.6
S$-1IV Start 150,14 149.43 W71 - - 2.5
Jettison Ullage Rockets & LES 160,44 159,73 W71 - - ; 12.8
Introduce Guidance 165,67 - - 18.19-18,89
Introduce Misalignment Corr, 172,07 - - 23,95.24.65
Guidance Cutoff Signal 621.375 619,35 | .015 619.3 -

*Time Base 2 (Low Level Sense)



SECTION II.

Saturn launch vehicle SA-7 was launched at {1:22
AM EST on September 18, 1964, from Saturn Launch
Complex 37B, Eastern Test Range, Cape Kennedy,
Florida. SA-7 was the seventh vehicle to be flight
tested in the Saturn I R&D program and represents
the third of the Block II series. The major mission
of this test was to evaluate the performance of the
complete launch vehicle system (two live stages) and
to place into orbit the Apollo Boilerplate, BP-15, pay-
load configuration. SA-7 represented the second flight
test of the Apollo Boilerplate with a Saturn I Launch
Vehicle.

This report presents the results of the Early
Eﬁgineering Evaluation of the SA-7 test flight. Per-
formance of each major vehicle system is discussed
with special emphasis on malfunctions and deviations.

INTRODUCTION

This report is published by the Saturn Flight
Evaluation Working Group which is made up of repre-
sentatives from all of Marshall Space Flight Center
Laboratories, John F. Kennedy Space Center, MSFC's
prime contractors for the S-I stage (Chrysler) and
S5-IV stage (Douglas Aircraft Company) and engine
contractors (Rocketdyne and Pratt & Whitney).
Therefore, the report represents the official MSFC
position at this time. This reportwill not be followed
by a similarly integrated report unless continued -
analysis and/or new evidence should prove the con-
clusion presented here partially or entirely wrong.
Final evaluation reports may, however, be published
by the MSFC Laboratories and the stage contractors
covering some of the major systems and/or special
subjects as required.

t
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SECTION III. LAUNCH OPERATIONS

3.1 SUMMARY

Apollo/Saturn Vehicle SA-7 was launched from
Pad 37B at Cape Kennedy, Florida. Ground support
equipment and launch complex performance was sat-
isfactory. Swing arm 3 was disconnected by mechan-
ical release (swing arm rotation) instead of by the
umbilical connector pneumatic system operation as it
should have. Only minor damage normally encountered
in a Saturn launch was sustained by these facilities.

The countdown of SA-7 was interrupted by four
holds that lasted for a total of two hours and 42 min-
utes. The first hold came at T-245 minutes of the
countdown and was caused by inadvertent firex system
activation on the service structure during air condi-
tioning duct removal. The hold lasted for 69 minutes.
At T-30 minutes a scheduled 20-minute hold was ex-
tended 4 minutes when the S-IV LOX pressurizing
regulator indicated a malfunction. The third hold, at
T-12 minutes, lasted for 20 minutes. The hold re-
sulted from a malfunctioning of the S-I hydraulic pump
temperature OK interlock which prevented S-I hydrau-
lic pumps from being turned on. The final hold was a
range safety hold. Grand Turk Radar was operating
intermittently. This hold was called at T-5 minutes;
it lasted for 49 minutes. The count was recycled to
T-13 minutes, resumed, and continued through launch.

The total propellant load based on delta pressure
readings corrected forfuel tank temperature readings
and environmental conditions was 520 kg (1147 lbm)
less than the total load determined by discrete level
probe data.

A number of probléms concerning ETR instru-
mentation were encountered during the SA-7 count-
down.

3.2 PRELAUNCH MILESTONES

Between June 7 and June 15, 1964, all stages ar-
rived at KSC. A chronological summary of events
and preparations leading to the launch of SA-7 is
shown in Table 3-1.

3.3 ATMOSPHERIC CONDITIONS

At 11:22 AM EST, September 18, 1964, a high
pressure cell of 1024 mb located in the Virginia-North
Carolina area extended to the south and southwest
dominating the eastern Gulf, Florida and upper East-
ern Test Range areas. Surface winds in the vicinity
of the launch site were easterly, 3 to 6.2 m/s. Cloud-
iness in the late hours of countdown and launch con-
sisted of slowly developing cumulus clouds over the

TABLE 3-I PRELAUNCH MILESTONES

June 7, 1964
June 8, 1964
June 9, 1964

June 12, 1964

June 15, 1964

June 16, 1964

June 17, 1964

June 19, 1964

June 22, 1964

June 23, 1964

June 24, 1964
June 25, 1964

June 26, 1964

July 7, 1964

July 16, 1964

S-1 and IU arrive at KSC
via barge. Service Module
and adapter arrive via air-
craft.

IU and spacecraft adapter
fit check.

S-1 erection.

S-1V stage arrived via air-
craft. S-1 umbilical con-
nections completed.

Command Module arrives
via aircraft.

Integrated GSE-test com-
pleted.

S-IV weight and balance
operation.

S-IV erection.
1U erected for drill mark-
ing.

IU erected after drill op-
eration completed. Swing
arm qualification test com-
pleted.

Power applied to S-IV
stage. IU umbilical con-
nection.

S-1 turbo pump torgue test.
Power applied to IU.

Spacecraft erected. A
crack in the LOX dome on
one of the S-I engines was
discovered. This problem
resulted in all S-I engines
being replaced.

S-1 and IU power transfer
test.

LOX simulation and mal-
function test.
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July 31, 1964

August 4, 1964

August 6, 1964

August 7, 1964

August 12, 1964

August 17, 1964

August 19, 1964

August 27, 1964

August 29, 1964

September 3, 1964

September 4, 1964

September 9, 1964

September 12, 1964

September 14, 15, 1964
September 17, 1964
September 18, 1964

Lastof the engine replace-
ments (due to cracked LOX
domes) was checked out
clectrically.

S-I and S-1V full pressure
test.

Electrical mate of
S-IV and IU.

S-1,

Spacecraft electrical mate
to launch vehicle. EBW
and CDR test.

Sequence malfunction test.
Spacecraft LES erected.

All systems vehicle over-
all test.

Hurricane Cleo passed the
area and launch complex
was secured.

Plug drop and swing arm
overall test.

Simulated flight test. A
LES tower bolt failure was
determined to be stress
corrosion. The tower was
removed 1o a remote area.

All tower bolts were ex-
changed and the LES rein-
stalled on the vehicle.

Hurricane Dora passed the
arca and the complex re-
quired complete securing.
RP-1 loading.

Countdown demonstration

test.
Launch countdown begun.

LAUNCH
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mainland with a few convective cells over the Atlantic
drifting westward inover the launch site. Radar scan
information showed that the cells had tops to 3657 m
and were slowly dissipating as they passed over the
coastline. A high pressure ridge oriented NE-SW
over the eastern Gulf area produced generally north-
easterly winds aloft over the launch site.

At 11:00 AM EST, Hurricane Gladys was located
at 26.4°N. 67.6°W. or approximately 644 km on a
bearing of 032 degrees from Grand Turk. Gladys was
moving toward the west northwest at 4 m/s. Highest
winds were estimated at 56.6 m/s, or a little less,
near the center with hurricane force winds extending
out 145 km to the northeast and 72 km to the south-
west, Gales extended outward 346 km in the north-
east semicircle and 241 km to the southwest of the
center,

Because of the condition of the seas in the vicinity
of the recovery area, camera capsule recovery was
not attempted. However, two of the eight cameras
were discovered approximately 50days after launch.

The following are specific observations at launch:

1. Pressurc - 1017.3 mean sea level in milli-
bars

2. Temperature - 303°K
3. Dewpoint - 295°K
4, Relative Humidity - 64%

5. Surface Winds - From the easterly direction
at 3.4 m/s.

6. Cloud Coverage - One cumulus cloud at 823
m base, five alto-cumulus clouds at an estimated
height of 3352 m base, and one cirrus cloud at an un-
known height.

7. Precipitation - Showers in the vicinity of
Hurricane Gladys.

3.4 COUNTDOWN
The Saturn/Apollo launch countdown is divided

into two parts, each performed at different time
intervals. Part I, begins at T-1035 minutes and
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proceeds to T-545 minutes. Part II picks up at T-545
minutes and continues through launch.

3.4.1 COUNTDOWN, PART II

Part 11 of the countdown was picked up ati11:25
PM EST, September 17, 1964, at T-545 minutes and
was continuous until T-245 minutes, when a hold was
caused by inadvertent firex system activation on the
service structure during air-conditioning duct removal.
The water entered one S-1V umbilical connector which,
inturn, produced erroneous indications of S-IV engine
exciter firing. Power was removed from the S-IV
stage and moisture dried from the connector. After
reconnection all indications were normal and the count
was picked up 69 minutes later.

The count was then continuous until T-30 minutes
when a scheduled hold was initiated. During this
scheduled 21-minute hold, the S-IV LOX pressurizing
regulator indicated a malfunction. Analysis of the
problem indicated normal and satisfactory operation.
By this time, the hold had been extended four minutes
longer than scheduled. The count progressed to T-12
minutes whenit was again interrupted because of mal-
functioning S-I hydraulic pump temperature OK inter-
lock, which prevented S-1 hydraulic pumps from being
turned on. Since measurements indicated normal
temperature, the interlock was jumpered in a block-
house distributor. Hold time was 20 minutes.

The count was resumed at T-12 minutes and pro-
gressed to T-5 minutes when a range safety hold was
called because of intermittent operation of the Grand
Turk radar. Due to S-IV LOX bubbling and space-
craft battery lifetime constraints, the count was re-
cycled to T-13 minutes. During the hold, difficulty
was encountered with the swing arm hydraulic test.
This problem was corrected without adding to the
range hold by a jumper in a blockhouse distributor.
After 49 minutes, the radar problem was corrected,
and the count resumed and continued through liftoff
which occurred at 1122:43, 26 EST.

3. 4.2 COUNTDOWN PROBLEM AREAS

The major difficulties encountered during the
SA-7 countdown are listed in Table 3-1I. Figure 3-1
shows hold time versus count time.

A number of the problems listed in Table 3-1I
concerned Eastern Test Range, ETR, instrumenta-
tion. These items are marked with an asterisk in
Table 3-1I1.

Hold Time (min)
e Saptember 17, 1964, Launch
150
Range Hold
Veniche Hold__-
100 .
Scheduled 21 Min Hold Extended 4 Min for GSE IhldTI
GSE Hold —=
30
01.%/\/7400 1.230

T-100 T-150
Countdown Time (min}

8egin Countdown
Part {|

FIGURE 3-1. HOLD TIME VERSUS COUNT TIME

3.5 PROPELLANT LOADING

There were no propellant transfer system prob-
lem areas or malfunctions in the SA-7 launch count
down,

3.5.1 S-1 STAGE

The S-I stage LOX tanks were loaded to a pre-
determined weight. The fuel weight was to be adjust-
ed to compensate for variations in bulk fuel specific
weight at launch. A fuel specific weight check was
made at T-25 minutes on the initial countdown. At
this time, S-I tank temperature indicated the average
bulk fuel specific weight tobe 99.55 percent of nominal
7935. 9 N/m? (50. 519 lb/ft}). To account for the an-
ticipated increase inspecific weight between that time
and ignition, the fuel correction was based on a fuel
specific weight of 99.58 percent. A correction of
-0.090 N/ecm?® (-0.130 psi) was dialed into the fuel
level computer and the semi-automatic loading system
began to correct the fuel load.

At T-10 minutes, fuel tank temperatures indi-
cated the average bulk fuel specific weight to be
7907.3 N/m3 (50. 337 1b/ft?). Allowing for a slight
temperature decrease during the remaining time of
countdown, the fuel specific weight at T-3 minutes
was 7908.9 N/m® (50.347 Ib/ft’). LOX tank tem-
perature indicated the mean LOX specific weight to
be 11,061 N/m® (70. 41 1b/ft%). Based on these spe-
cific weights and recorded wind conditions, the aver-
age delta pressure readings show the propellant
weights at T-3 minutes to be 277,951 kg (612,777 1b)
of LOX and 123,530 kg (272, 337 1b) of fuel.

Discrete probe activation times were telemetered
during the flight. Analysis of these data gives an
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TABLE 3-1I, SPECIFIC PROBLEM AREAS DURING COUNTDOWN

10,

11,

12,

T-795 Minutes:

T-740 Minutes:

T-365 Minutes:

T-357 Minutes:

T-220 Minutes:

T-120 Minutes:

T-37 Minutes:

T-30 Minutes:

T-19 Minutes:

T-12 Minutes:

T-8 Minutes:

T-5 Minutes:

Initial S-IV LH; tank gas sample contained excessive moisture necessitating several
tank-purge cycles. As a result, the start of S$-IV ordnance installation was delayed
approximately 80 minutes,

The vacuum jacket on LHy skid inlet line would not hold vacuum, Investigation proved
the inner line to be intact, The leak in the vacuum jacket could not be located, All
welds and fittings in the jacket were coated with sealant to minimize the leakage
problem., No delay resulted,

Inadvertent firex system activation on the service structure drenched the S-1IV stage.
Water entered one electrical umbilical connector which, in turn, produced erroneous
indications of engine #1 and helium heater igniter exciter firing. Power was removed
from the §-IV stage and the connector was dried, Associated circuitry was functionall-
checked, The above resulted in a hold at T-245 min of 69 min duration,

S-1 fuel depletion sensor #1 gavwe an indication of depletion. Since the sensor was
one of two redundant probes, fuel bay #2 was reopened and the probe electrically dis-
connected. No delay resulted,

§-1V fire detection system indicated fire at the S-1V LH skid during S-IV LOX loading.
The indication was determined to be erroneous and the result of corrosion in a con-
nector in the resistance wire circuitry, The system was not considered usable for
launch and was not used further. No delays resulted,

*The 91,18 radar at Aotigua was reported non-operational with a 24 hour estimated repair
time, The MPS-26 radar also located at Antigua was being dismantled and therefore could
not be utilized as a backup system, However, the Grand Turk radar was still operational
and it was decided to continue preparations for launch. The Antigua station is the
primary station for cutoff and orbital {naertion data,

§-1V cold helium regulator outlet pressure appeared to exceed red-line values., Several
functional cycles were accomplished to verify indications before it was discovered

that the problem was one of data misinterpretation only. This problem delayed resuming
the count at T-30 for approximately 5 minutes,

*The C-Band 5.16 radar at San Salvador was experiencing interference due to a commercial
ship with its navigation radar operating within the C-Band, It was determined that
Grand Turk Radar (7,18) would provide the necessary data. No delay resulted.

*For a period of approximately four minutes the Valkaria Mistram site was non-operational,
However, at T-15 it was reported operational, Since SA-7 was using a new Azusa antenna,
which lowered the confidence in obtaining Azusa data, the loss of Valkaria Mistram site
posed a potential loss of range safety and metric data.

The S-1 auxiliary hydraulic pumps were turned on for the initiation of steering commands.
Pumps #1 and #2 came on satisfactorily, When pump #3 was turned on, the motor tempera-
ture OK relay dropped out, In turn, the OK-to-start hydraulic pumps lights went out

and pumps #1 and #2 shut down. This is the normal sequence for the stated malfunction,
Since measurements indicated normal temperatures, the OK-to-start hydraulic pumps
indication interlock was removed from the circuit by means of a jumper.

*During the same time frame, the IU C-Band beacon readout from the range indicated
marginal performance for metric data, The beacon readout improved with time and was
termed ""Go", The total hold time was 20 minutes,

During the automatic bleed test of the umbilical swing arms the panel operator actuated
the "Auto Test" switch for an excessive length of time. The electrical system locked
itself in, requiring that a jumper be installed to unlock the system and to prevent the
test from running continuously, This was accomplished during the Range Safety hold
that followed,

*Grand Turk radar (7.18) operation became intermittent, resulting in a Range Safety hold
Due to S5-IV LOX bubbling and spacecraft battery constraints, the count was recycled to
T-13 minutes. The total duration of hold was 49 minutes.

*During the above Range Safety hold, the Data Transmission System (DTS) for the IGOR's
and ROTI's was reported non-operational, This presented a potential loss of optical
coverage since focusing data and angular tracking data are transmitted to these cameras
from the radars by this system, This system was reported operational just prior to
resuming count,

*During the period of preparing the vehicle to resume count, the Azusa Mk II lost its
zero reference. This system was to provide powered flight range safety and metric data.
At 11:05 EST the system had obtained zero set and was again operational,

*ETR Instrumentation Problems

- S A ete——
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accurate indication of propellant volume flow rates.
Using specific weights determined from tank temper-
atures. the propellant load corresponding to these flow
rates was 277,862 kg (613,582 1b) of LOX and
124,139 kg (273,679 1b) of fuel. This load is consid-
ered to be the best estimate of the actual propellant
loaded. Approximately 340 kg (752 lbm) in the engine
fuel jackets are not included in the above load. The
total weights are reflected in the ignition weights
shown in the mass tables in Section IV.

The upper portion of Figure 3-2 is a fuel specific
weight versus temperature curve for SA-7 with applic~
able prelaunch and flight data included. The lower
portion of Figure 3-2 shows the launch day predicted
and indicated propellant loads versus fuel specific
weight with applicable weight information included.
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S-1 STAGE PROPELLANT TANKING
PARAMETERS

FIGURE 3-2,

Temperatures experiencedin the outer LOX tanks
were approximately 1°K higher than the center tank
temperatures. The higher temperatures resulted in a
lower mean LOX specific weight than predicted. Re-
constructed flow rate data, in conjunction with mean
specific weight,indicated that LOX was shortloaded by
234 kg (516 1b). Reconstruction of flow rate and dis-
crete level probe data indicated that fuel was over-
loaded by 609 kg (1342 1b) when compared to the AP
loading system. The total propellant load based on
delta pressure readings from the loading system was
520 kg (1147 1b) less than the total load determined
by discrete level probe data. This difference is with-
in the specification value of +0.25 percent of total
propellant tanked.

3.5.2 S-1V STAGE

LOX

The oxidizer system was successfully loaded
with LOX by cooling down and filling in two phases:
(1) main fill, and (2) replenish. The automated

3.5.2.1

LOX loading system, in conjunction with the LOX
supply pump, was successfully utilized for loading
the LOX tank. Loading of LOX into the S-IV stage
was initiated 5 hours and 47 minutes prior to liftoff.

The LOX vent valves remained open throughout
the loading operation. The LOX transfer line had
been precooled for approximately 12 minutes prior
to the initiation of LOX main fill. The LOX main fill
line pressure reached a maximum of 141 N/cm? (205
psi) and stabilized at approximately 139 N/cm? (202
psi). At approximately the 10 percent level, a stabi-
lized loading rate of 745 gpm was reached, This load-
ing rate was maintained until the 98 percent mass level
was reached at 25 minutes and 30 seconds after initia-
tion of the LOX transfer line precool. The loading
system then closed the main LOX fill valve as sched-
uled. After the cooldown of the S-Iand S-IV LOX re-
plenish systems was completed, the cycle replenishing
operation was initiated. During this operation, the
LOX inthe tank was allowed to boil off to the 99.5 per-
centlevel. Itwas thenreplenishedto the 99.75 percent)
mass level at a rate of approximately 200 gpm. This
replenishing cycle continued until tank prepressuriza-
tion was initiated. The LOX tank was pressurized
during loading of the LH, tank. After LH; fill was
completed, the LOX tank vent valves were opened and
the LOX replenishing cycle was resumed. The cycle
was continued until the start of the 150-second auto-
matic count. At this time the tank was again pres-
surized, and the final LOX replenishing was com-
pleted. The LOX load at S-I ignition command was
38,225 kg (84,271 1bm).

3.5.2.2 LH,

The fuel system was satisfactorily loaded
with LH, by cooling down and filling in four stages:
(1) initial fill, (2) main fill, (3) replenish, and (4)
reduced replenish. The automatic fuel-loading system
was successfully utilized for loading the LH, tank.
Loading of LH,.into the S-IV stage was initiated 3
hours, 16 minutes and 13 seconds before li ftoff.

The LH, transfer line had been precooled for ap-
proximately 5 minutes prior to the initiation of LH,
initial fill. The LH, transfer line cooldown was ac-
complished through the helium precool heat exchanger
and the stage LH, tank. The LH, initial fill was ac-
complished with an LH, transfer line pressure of 17.2
N/cm? (25 psi) and with the LH, tank vents open. The
stage loading was initiated at approximately 430 gpm.
During this initial fill operation, the LH, tank ullage
pressure was monitored; however, the tank pressure
did not decrease below the prefill ambient pressure.
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At approximately the 15percent mass level, main
fill was initiated, and the loading rate was increased
to approximately 1960 gpm. When the 95.5 percent
level was reached at approximately 30 minutes after
initiation of LH, precool, the main fill valve closed
automatically. LH, replenish continued with normal
automatic operation until pickup of the 99. 25 percent
mass level, Reduced replenish was then initiated to
increase the LH; mass level cycling between the 99.25
and the 99. 5 percent level.

During the 150-second automatic count, the auto-
matic loading system was used to complete the final
replenish operation to the 100 percent mass indica-
tion. The LHyload at S-I ignition command was 7,772
kg (17,134 1bm).

3.6 HOLDDOWN
3.6.1 COMBUSTION STABILITY MONITOR
The S-I stage Combustion Stability Monitor

and all associated recording equipment performed
satisfactorily during the launch.

Measurement Engine Maximum Average
G G
rms rms
XE57-1 1 35 15
XE57-2 2 36 15
XE57-3 3 >100 15
XE57-4 4 32 15
XES57-5 5 30 15
XE57-6 6 20 18
XEB7-7 7 20 15
XES57-8 8 25 13

See Section VI, Propulsion, for additional in-
formation concerning the combustion stability monitor
on engine 3.

3.6.2 FIRE DETECTION MONITOR

The S-I stage Fire Detection Monitor and all
associated recording equipment performed satisfac-
torily during launch. No temperature rise was noted.

3.7 GROUND SUPPORT EQUIPMENT

3.7.1 ELECTRICAL SUPPORT EQUIPMENT

The electrical support equipment responded
and performed as designed during the SA-7 countdown
and automatic sequence. A switch jumper was installed
to bypass the vehicle engine 3 hydraulic-temperature
OK switch which malfunctioned. This jumper was re-

moved after launch sequence start by opening the
switch. This interlock is not required after launch
sequence start, and the jumper would have prevented
the four hydraulic pumps from being deenergizedat
"all engines running." An additional ""momentary"
jumper was necessary at T-8 minutes to unlatch a
circuit in the swing arm hydraulic systems. This
circuit will be modified for SA-9.

3.7.2 COMPUTER

Power to the RCA 110 Computer was applied
at 9:50 PM, August 17, 1964, to perform preventive
maintenance checks, computer verification tests, and
system interface checkout tests. At approximately
11:00 PM, the operational launch programs were
loaded into the computer to support the launch count-
down.

The computer was in operation for approximately
14. 5 hours in support of the launch. At T-245 min-
utes, the paper tape reader did not function properly.
A backup system was utilized, after which the test
progressed satisfactorily.

3.7.3 MECHANICAL GROUNDi SUPPORT EQUIP-
MENT

The active ground support equipment includ-
ing the launcher, engine service platform, holddown
arms, firing accessories, umbilical swing arms, en-
vironmental control system, and pneumatic distri-
bution system sustained the launch of SA-7 with less
damage than in any previous Saturn launch. The
added reinforcement, shielding and insulation of the
ground support equipment protected the systems to the
extent that no assembly was damaged beyond repair,
as known at this time. As was expected, equipment.
above and below the launcher sustained only minor
damage.

No significant damage was noted to the launcher,
engine service platform, or main structure of the
firing accessories. Electrical cables, pneumatic flex
lines water quench hoses, and cryogenic and fuel
flex hoses and bellows were burned beyond repair, but
generally only portions of these were completely de-
stroyed. An inspection of the holddown arms reveal-
ed that no appreciable damage was sustained by them.

The environmental control system sustained the
launch with negligible damage. Insulation covers
that were blown from several places on the launcher
and boattail ECS ducts during the launch of SA-6 sus-
tained negligible damage during the SA-7 launch be-
cause of better shielding provisions.

10



A visual inspection of the Umbilical Swing Arm
(USA) system revealed blast damage in the following
areas: Access platform roofs blown off on USA Nos.
1, 2 and 3, access platform door and door housing
blown loose on USA 2, accumulator pressure gauge
damaged at USA No. 1 Control Panel, frayed housing
retract lanyards on USA Nos. 3 and 4. Minor damage
occurred on umbilical arms 1 and 3 A/C duct insula-
tion.

A frayed section of the Q-ball retract cable was
noted. The camera purge pressure gauge in valve
panel 9 was damaged. No damage was observed on
the umbilical tower pneumatic systems. Insulation
on the spacecraft cooling system (Water/Glycol)
supply and return lines was burned away in the area
of the umbilical 11 m (35 ft) level.

A review of the launch records available to date
indicates that all active ground support equipment
systems performed within design specifications. One
deficiency was noted.

Only three of the four swing arms functioned
properly. The LH, vent line on arm 3 did not discon~
nect as it should have when the umbilical pneumatic
system operated. Instead, arm 3 disconnected when
the mechanical release was actuated by the swing arm
rotation. This malfunction was observed in the SA-7
film analysis. The film clearly showed that the pneu-
matic disconnect did not operate, and consequently
there was ahydraulic lanyarddisconnectduring launch.
At the time of the IU umbilical separation, an initial
movementof the ventdisconnect was observed indicat-
ing that there was some pneumatic pressure on the
pneumatic cylinders. This initial movement indicated
that some pneumatic force was exerted, However, it
has been concluded that the complete opening of the
solenoid valve, for the duration of time required, did
not take place.

The film analysis also indicates that venting oc-
curred through the LOX umbilical drainlines for from
4 to 5 seconds after liftoff. This has been attributed
to a configuration change since the S-IV umbilical
drain was connected to the S-I vent. The S-I vent
lines were not precooled, and therefore resulted in a
LOX boil when the LOX flowed into the lines. This
caused a 13.8 N/cm® (20 psi) back pressure. The
effect of this back pressure was the venting observed
in the film,

Damage normally encountered by these facilities
was sustained by the launch of SA-7. Wiring, relays
and transformers were damaged in the elevator equip-
ment at the northeast corner of the launch pedestal,

The flame deflector sustained minor damage and
can be used for the third time. The majority of the
damage was to tubing that served communication
equipment, cameras, etc. The third and fourth levels
of the umbilical tower sustained minor damage to
gauges, relief valves and tubing of the GN, hazard
proofing system.

3.8 LAUNCH FACILITY MEASUREMENTS

3.8.1 BLOCKHOUSE REDLINE VALUES
Blockhouse redline values are limits placed
on certain critical engine and vehicle parameters to
indicate safe ignition and launch conditions. The
measurements are monitoredin the blockhouse during
countdown. Since these specified limits apply to pa-
rameters which are critical to vehicle performance
and, in turn, mission success, the countdown proce-
dure may be halted if any redline system value falls
outside its assigned limits. Whether launch proce-
dure is halted or continues depends upon the validity
placed in the indicated measurement value and the
danger imposed by the value in question. If the value
poses a threat to vehicle performance, launch will be
delayed until the problem is corrected.

All redline values were within the required limits,
and no holds were necessary because of redline pa-
rameters.

3.8.2 SOUND LEVEL MEASUREMENTS

Sound pressure levels recorded during SA-7
launch were generally in agreement with those of
SA-6. There was no evidence of sound focusing dur-
ing this launch. This was in agreement with rawin-
sonde information which gave no evidence of thermal
gradients that could result in focusing.

Sound level measurements were made in three
regions defined by relative distance of the transducer
from the launcher. These regions are termed "Far
Field," '"Mid Field,” and ''Near Field.” In addition,
three recording stations were located in the AGCS
rooms at LC-37.

The maximum ""Far Field" (Cape Kennedy area)
sound level measured was 113 db, recorded by the
station located at Hangar D.

The maximum '"Mid Field,” 365.8 m (1200 ft)
radius from vehicle, sound level measured was 156
db, recorded at stations 25K05 located 64 m (210 ft)
178 degrees azimuth, 66 degrees angular goordinates.

11
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The maximum '"Near Field" (umbilical tower)
sound level measured was 164 db. All"Near Field"
transducers are located on the umbilical tower from

approximately the 12 m (41 ft) level to the 77.1 m
(253 ft) level.

All acoustical db levels are referenced to 0. 002
microbar (0 db).



GO DN

SECTION IV, MASS CHARACTERISTICS

4,1 VEHICLE MASS

The total vehicle mass was approximately
519,600 kg (1,145,400 lbm) at S-I ignition, 65,500 kg
(144,400 Ibm) at S-IV ignition and 17,760 kg ( 39, 160
lbm) in orbit, The orbital payload included approxi-
mately 1300 kg (2860 lbm) ballast, Approximate
booster propellant mainstage consumption during S-I
powered flight (ignition to OECO) was 397,900 kg
(877,200 1bm). The approximate S-IV stage pro-
pellant (mainstage) consumption was 44,600 kg
(98,350 lbm) during powered flight (see Figs. 4-1

and 4-2). Table 4-Iis a vehicle mass breakdown at
significant flight events. A flight sequence mass sum-
mary is given in Table 4-II. The predicted masses
presented in this section are those presented in Ref-
erence 1,

4,2 VEHICLE CENTER OF GRAVITY AND MO-
MENTS OF INERTIA

Longitudinal and radial center of gravity and
roll and pitch moments of inertia are given in Table
4-1II. These parameters are plotted versus burning
time in Figures 4-1 and 4-2,

Mass (kg) Center of Gravity in Calibers
Ref. Sta. 2.540 m) (Cal = 6,53
8 x 10S ¢ ) ' ™ 4
[3 T 3
~
\\\\‘\“\- Center of Gravity ——
4 3/ 2
]
—
Mass _>\\
2 1
\’\_
0 0
=20 0 20 40 60 80 100 120 140 160
S-1 Burning Time (sec)
Moment of Inertia i
Pitch (kg-m?) minc(kgfm%x)\erna
7
4 x 10 ] ] 4 x 10°
| | 7\ ,
Pitch —1} \
2 ] 2
\\
1 - 1
Roll —J\\
—
i
0 0
-2C 0 20 40 60 80 100 120 140 160

S-1 Burning Time (sec)

FIGURE 4-1. VEHICLE MASS, CENTER OF GRAVITY AND MASS MOMENT OF INERTIA
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Mass (kg) Center of Gravity in Calibers
(Ref, Sta. 27,076 m) (1 cal =5.08 m)
8 x 10% 20

\ 4 1.5
Center of
Navity

4 L 1.0
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2 . 0.5
\
0 0
0 100 200 300 400 500

S-1IV Burn Time (sec)

Moment of Inertia Moment of Inertia
Pitch (kg-m?) Roll (kg-m2)

6
4 x 10 6 x 10%

Roll —
L N
3 5
2 4

Pitch 47\
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N

0 2
0 100 200 300 400 500
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FIGURE 4-2, VEHICLE MASS, CENTER OF GRAVITY AND MASS MOMENT OF INERTIA
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TABLE 4-1, VEHICLE MASSES
N OUTBOARD 5-1V STAGE S et
) COMMAND i T curo! oA R
~vor 1 RST MOTION DIGINE 1ed STPARATION IGNITION ND | S-Tv STAGE CUTOPY | L 0icr prcay
Prade Actuel Precw Actual Pradv Actual Prodv Actual Pred* Actual Preds Actusl Pred® | Actual

RANGE TIME (eec) -3.06 -3.06 [ 0.06 166.93 | 167,64 167,73 | 148,66 || 149,43 | 150.16 | 619,15 | 621.38 | 621.67] 620.0
MASS (kg)
$-1 Btage, Dry 48,761 48,784 48,761 48,784 | 48,7811 8,784 | 48,761} 48,78
wox 178,096 | 277,862 | 273,202 273,033 1,769} 1,991 1,469 1,682
w1 121,807 126,479 | 120,417 12,061 2,778 2,433 2,610 2,072
L0X Ullage Gas (G0N & We) 36 58 [ ) 1,787{ 1,680 1,787 1,680
Nelium 3 3 3 3 3 3 3 3
Wydraultc Otl 13 1 13 1 13 13 13 11
Retro Rocket Propallant 614 [0 516 616 816 ol sl 616
Frost 454 454 5 454 1] o 0 [
Oronite 1 16 1% 16 [ 0 o 0
" 38 38l 383 I 308 308 298 302
Total $-1 Btage 430,216 | 432,662 | 443,929 44,62) | se,000] s5.eae ]| 35,335] 33,130
$-1/5-1V Interstage 1,087 1,111 1,087 1,111 58 "2 (31} L1 H
3.1V Brage, Dry 6,135 6,165 6,133 6,145 6,135 6,168 | 6,139 6,145 | 6,135 143
7.3 38,195 38,225 38,193 38,228 38,153 30,183 (1] 1,001 o4 977
L. 1, m 7,171 1.2 1,172 7,600 7,657 i} 209 6 201
10k Ullage Gas (GOX & We) 15 1 18 1 16 16 106 105 104 108

Ullege Gas (GN & We) n 16 1 I 16 16 [y} 35 59 s
Other Helium 59 61 1] Y s 50 1 n 71 22
Ullsge Rochet Propellent 110 1o 10 110 1o 1o 106 " [ [ 0 ]
Ullage Rocket Canes 127 126 127 126 144 116 127 126 o ] [ o
Prost &l ” &1 7 o] 1 [ 0 o [ [ °
Totel $-1V Stage 52,415 32,51 32,413 52,51 53,228| 52,317 52,218 52,269 6,649 1,837 6,419 7,507
Vehicle Instrument Unit 1,463 1,641 2,403 7,401 2,483 2,440 1,403 2,440 | 2,457 2,633 | 1,657} 2,631
Paylosd Assembly 7,006 7,014 7,014 1.018) 7,814 1,016 | 2,818 7,816 | 7,818 7,814
LES & Q-BALL 1,9% 2,997 1,99 1,997 2,9%| 2,097 1,9% 1,997
Piret Flight Stage Total 516,991 319,564 510,708 $13,327 | 122,409] 122,406 121,804
Second Plight Stage Totel os.0] o556 ] es,a13] es,s00] 16,722 | 1798 | 16,892] 11,75
MASS (1bm)
$-1 ftage, Dry 107,500} 107,330 ] 107,500 107,330 | 107,500] 107,350 | 107,300} 107,530
Lox 613,090 612,382 | 602,308 601,933 3,901 4,388 3,240] )70
w- 268,91 | 276,631 | 203,413 271,504 8,128 5,408 5,313  «,%9
LOX Ullage Gas {GOX & He) 123 L28 148 " 3,938 3,704 3,999 3,708
Helium ] 0 . . ] 3 . .
Hydraulic Otk 28 b1} 2 8 20 b} t{] H ]
Retro Rocket Propellant 1,39 1,35} 1,35 1,39 1,333 1,333 1,333 1,39
Frost 1,000 1,000 t,000 1,000 o [ [3 [}
Oronite 32 3 n n 4 ] L) ]
LF3 450 80 830 “%o m (11} 37 “e
Total 3-1 Stage 992,531 997,950 978,695 9ss, 195 ] 123,524| 123,019 | L22,038] 121,583
$-1/9-1V Interstage 2,96 1,649 2,396 2,489 2,113 2,188 2,13 2,108
$-1V Stage, Dry 13,526 13,57 13,526 ser ] a6 13sar ] tasae] s | o13,3281 13,347 13,526 13,57 | 13,526 13,547
o 84,206 0 211 %206 sar271| ee122] s 167 e 113) sa 157 ] 8s, %, 138 1% 2,207 10| 2,13
i, 17,024 17,134 17,02 1,13 | 1e,782f 16,097 16,776 18,0920 1e.763] 16,081 70 460 57 4w
LOX Ullage Gas {GOX & We) b3 ) 5 1 23 ” b 35 36 I 3 228 11 228 231

Ullage Gae (GNz & Me) s 31 25 3 29 » 30 I 0 s 153 121 151 121
Other Helium 130 134 130 134 127 132 127 132 127 132 o7 4«9 “? o
ul Rocket Propellaent [y %3 243 243 %3 263 I3 8 ” 146 o 0 [ o
Ullage Rocket Cases 279 n 9 m 79 m 1y 217 279 m [ 0 0 o
Prost 90 170 0 1o ] 27 0 0 Q o [ 0 [ o
Total $-IV Stage 115,55 | 115,832 115,53 ws, 02 | s, e ts3e | wsan] asone f te, s 18,109 14,207 16,615 | 16,151] 16,59
Vehicle lnstrument Unit 3,43 3,382 3,436 5,302 s,e30] 3,378 s,430| 5,398 s,.e30| s.ara|  s,e1e 5,366 | 5,16 5,384
Payload Aseembly 17,232 17,228 17,32 1,208 o] w28 v m2| w22 ] w2 17,228 17,22 17,228 | 17,232] 17,228
LES & Q-BALL 6,600 6,607 ¢, 800 6,607 6,600| 6,607 §,600f 6,607 6,600} 6,607
Firsc Plight Stage Totsl | 1,139, 769] 1,145,648 0 1,125,913 | 1,131,093 | 270,0620 269,059 | 2¢8,532 268,278
Second Plight Stage Total 166,380 | 166,327 || tes, 213 L6c, 4021 36,865 19,207 | 16,799 39,141

Notes:

Predicted RP-| weights b

1 GOX vented accounted for,
2. Mo GN, vented from RP-1 contsiners (3-1 gt

3, 1gnition weight Includes jacket prefill (predic
3

5

Pue! consumed includes 17

d on density of 799.3 kg/w-
a/e (37.5 1bm/e) lube RP-1 flow per engine.
$-1V propelliant consumed inciudes Ll kg (24 1bm) for heli{um hsater consumption.

#Predicted weights ere those reported In R-PAVE-VAW- 64 -59

ted-lacsted (n conteiners),

3 (49.90 1b/fed), sctual RP-1 weights based on 806 5 kg/m

3 (30,35 threely.
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TABLE 4-II. SA-7 FLIGHT SEQUENCE MASS SUMMARY

“CONFIDEN v

ACTUAL PREDICTED
MASS HISTORY
kg (1bm) kg (1bm)
S-1 Stage @ Ground Ignition 452,662 997,950 450,214 992,551
S-1/8-1v Interstage @ Ground Ignition 1,111 2,449 1,087 2,396
S-1V Stage @ Ground Ignition 52,541 115,832 52,415 115,556
Vehicle Instrument Unit @ Ground Ignition 2,441 5,382 2,465 5,434
Payload @ Ground Ignition 10,811 23,835 10,810 23,832
lst Flight Stage @ Ground Ignition 519,566 1,145,448 516,991 1,139,769
§-1 Thrust Buildup Propellants -6,239 -13,755 -6,285 -13,856
lst Flight Stage @ First Motion 513,327 1,131,693 510,706 1,125,913
S-1 Mainstage Propellants -388,830 -857,224 -386,157 -851,332
S-1 Frost -454 -1,000 -454 -1,000
S-1IV Frost -65 -143 -41 -90
5-1 Fuel Additive -253 -559 -252 -556
$-1 Lube 01l (Oronite) -14 -32 -14 -32
§-1 Ny for $-IV Tail Purge -53 -116 -61 -134
§-1 N2 for Camera Purge -19 -43 -20 =43
$-1/S-1IV Interstage N -128 -283 -128 -283
Vehicle Instrument Unit N3 -2 -4 -2 -4
S-1V Chilldown LOX -42 -93 -38 -84
§-1V Chilldown LH3 -107 -235 -108 -239
S$-1 IETD Propellants -954 -2,102 -941 -2,074
lst Flight Stage @ Cutoff Signal 122,406 269,859 122,489 270,042
§-1 N2 for S-1V Tail Purge -6 -14 -6 -14
S-I OETD Propellants (To Separation) -689 -1,519 -%68 -1,473
Camera Purge Ny -1 -1 -1 -1
S-IV Chilldown LOX -5 -10 -4 -9
S-IV Chilldown LH, -2 -5 -2 -5
S-1V Ullage Rocket Propellants -2 -5 -4 -8
§-1IV Frost -12 -27
lst Flight Stage @ Separation 12;,689 268,278 121,804 268,532
S-1 Stage @ Separation -55,150 -121,585 -55,356 -122,036
S-1/S-1IV Interstage @ Separation -982 -2,166 -958 -2,113
S-1V Chilldown LOX -10 -22 -8 -19
S$-1V Chilldown LHp -5 -11 -5 -11
S-1V Ullage Rocket Propellants -42 -92 -62 -138
2nd Flight Stage @ Ignition 65,500 144,402 65,415 144,215
S-1V Mainstage Propellants * -44 509 -98,126 -45,511 -100,335
S-1V Helium Heater Propellants -11 -2 -11 -24
S§-IV Ullage Rocket Propellants -66 -146 44 -97
S-1IV Ullage Rocket Cases -126 -277 -126 -279
S-1V Helium, Pneumatic -1 -1 -1 -1
Vehicle Instrument Unit No -6 -14 -6 -14
Launch Escape System -2,997 -6,607 -2,994 -6,600
2nd Flight Stage @ Cutoff Signal #% 17,784 39,207 16,722 36,865
S-1V Thrust Decay Propellants -11 -24 -11 -24
$-1V Propellant Below Pump Inlets -19 .-42 -19 -42
2nd Flight Stage @ End of Thrust Decay 17,754 39,141 16,692 36,799
S-IV Stage @ End of Thrust Decay -7,507 -16,549 -6,419 -14,151
Vehicle Instrument Unit -2,433 -5,364 -2,457 -5,416
Payload 7,814 17,228 7,816 17,232
* Includes Thrust Buildup Propellants
** Predicted Values are for a Depletfon Cutoff
Note: IETD - Inboard Engine Thrust Decay
OETD - Outboard Engine Thrust Decay
AR . g E Ay A




= CONF D ENTI A

TABLE 4-IIL

MASS CHARACTERISTICS COMPARISON

RANGE LONGITUDINAL RADIAL ROLL WOMENT PITCH MOMENT
TR MASS €.G. (X-Sts) c. G. OF INERTIA OF INERTIA
et
sec Wy % Dev meters Dev meters Dev xg-n? 1 Dev kg-nl % Dev
1t inches inches
Predé N/A 48,761 9,33 0.0206
107, 500 375.3 0.81 335,093 3,798,802
$-1 Stage, Dry
Actual N/A 48,786 9,53 0.0 0.0206 0.0
107,550 0,05 375.3 0.0 0.81 0.0 333,200 0.03 1,800,617 0.0%
Prede N/A 958 26,08 0.1334
2,11 1,058.1 5,28 7,649 5,88
§-1/8-1V Interstsge
Actual N/A 982 26,9 0.06 0.13% 0.0
2,166 2,68 1,060.7 2,60 5,28 0.0 7,852 2,38 6,013 2.4
Prede RiA 6,135 30.0) 0,198
$-IV Stage, Dry 13,326 1,182.3 7.81 25,595 75,511
Mithout Ullagse
Bocker Ca Actusl wa 6,163 30,04 0.0l 0.1984 0.0
13,547 o.16 1,182.8 0.%0 .81 0.0 25,626 0.12 75,607 o.1
Prede na 2,001 37,99 0.066%
3,360 1,479.9 2,62 4,609 2,942
Vehicle
Instrument
Unie Actusl na 2,408 37,99 0.0 0.0663 0.0 .
3,308 0.9 1,479.9 0.0 1.62 0.0 4,597 0.26 2,899 1.48
Preee 1 10,010 47.07 .0%00
Payload 23,02 1,083.3 1.97 20,838 231,437
Assembly With
L.E.8. & Q-Ball Actual na 10,611 47,07 9.0 0.0498 0.0002
23,05 6.01 1,093.0 0.3 1.9 0.01 20,871 0.08 230,649 0.3
Predw wa 7,816 “.7e 0.070%
Peyload 17,12 1,762.1 2.9 20,496 67,176
Assembly Without
L. & Q-Ball Actusl na 7,004 .1 0.01 0.0706 0.0003
17,228 0.03 1,761.0 0.10 .7 0.0l 20,517 0.10 67,161 0.02
Prees A 16,03 0.0056
Let Piight Stage 2.0 0.22 2,104,507 38,834,3%
at Ignition
Actoal wa 519,564 16.08 0.01 0.0048 0.0008
1,143,448 0.30 632.2 0.2 0.1 0.0} 2,118,793 0.67 38,917,740 0.21
Predw wa 310,706 15.9% 0.005%
Lat Plighe Stage 1,125,913 2,3 0.1 2,071,164 38,706,848
st Pirst Motion
Actual w/a 513,317 15,99 0,03 0.0048 0.0008
1,131,093 0.1 6293 1.2 o.l% 0.03 2,084,962 0.66 38,804,396 0.2
Prege n/A 122,400 22,08 0.0218
270 . . 437,377 21,859,579
Lot Flight Stage Rats 9.3 0.8 ?
at ORCO
Actusl ®/A 122,406 2,11 0.03 0.0218 0.0
269,059 0.07 70,4 0.9 0.8 0.0 437,072° | 0.07 23,831,866 0,12
Proge w/A 121,004 22,17 0.0218
Lat Piight Stage 268,312 .0 0.86 434,635 23,673,253
at Separation
Actual W/A 121,689 22,20 0.0) 0.0218 0.0
268,278 0.09 874.0 1.0 0.86 0.0 433,591 0.19 23,638,116 0.1
Preaw WA 65,615 12,82 0.030%
nd Plight Stage 144,213 1,292,0 1,20 53,485 3,186,219
at Ignition
Actusl N/A 65,500 32,81 a.01 0.029% 0.001
144,602 0.13 1,291.9 0.1 1,16 0,06 53,740 0.47 3,180,189 0.13
Predww W/A 16,722 37.41 0.105%
Ind Plight Stage 36,865 1,672,7 “.15 51,132 1,028,070
at CO
Actual NiA 17,784 37.40 0.0t 0. 1044 0.001
39,207 5.97 1,672.6 0.1 4.1 0,04 51,171 0.08 1,018,372 0.95
Predw# N/A 16,692 37.42 0.1057
20d Plight Stage at 36,799 1,673.2 416 51,132 1,016,096
End of Thrust Decsy
Actusl N/A 17,7% 37.42 0.0 0.1046 ©0.0011
39,141 5,98 1,673.2 0.0 4.12 0.06 51,162 0,02 1,015,163 0.09
Predw N/A 56,313 9.80 0.0130
$-1 & S-1/8-1¥ 124, 149 185.7 0.51 380,498 4 k66,138
Interst
st Separation Actual NI 56,132 9.80 0 0.0137 0.0007
123,751 0.32 386.0 0,30 0.5 0.0} 379,477 0.27 «,453,733 0.17

NOTE:

Percent Deviation = Deviation — Actual x 100

*Predicted welghts are those reported in R-PAVE-VAW-64-59.

**Predicted values 4 2nd flight stage CO & enpine thrust decay are

—CONPIDEITIRE—

for a depletion cutoff.



SECTION V. TRAJECTORY

5.1 SUMMARY

The actual trajectory of SA-7 deviated from
nominal because of high S-I stage performance. Total
velocity was 39,4 m/s higher than nominal at OECO
and 1.8 m/s higher than nominal at S-IV cutoff. At
S-1V cutoff the actual altitude was 0.99 km lower than
nominal and the range was 13, 72 km longer than nom-
inal, The cross range velocity deviated 3.5 m/s to
the left of nominal at S-IV cutoff,

Atheoretical free flight trajectory of the separa-
ted S5-I booster indicates that the impact ground range
was 58. 5 km longer than nominal, Impact, assum ing
the tumbling booster remained intact, occurred at
536. 8 seconds range time.

The S-IV payload at orbital insertion (S-IV cutoff
+ 10 sec) had a space-fixed velocity 2, 8 m/s greater
than nominal, a perigee altitude of 180, 21 km and an
apogee altitude of 234, 10 km, giving a predicted life-
time of 3, 8 days, 0.6 days longer than nominal. The
extrapolated orbit based on data for an epoch of 10:57
Z,September 22, reached the estimated breakup alti-
tude of 86 km at approximately 11:50 Z, September 22,
at coordinates of 21.7 degrees south latitude and 56. 4
degrees east longitude. The theoretical ballistic im-
pact time is approximately 12:00 Z, Sceptember 22, at
coordinates of 26,4 degrees south latitude and 69,0
degrees east longitude,

5.2 TRAJECTORY ANALYSIS

Tracking data were available from first motion
through insertion, All tracking systems experienced
difficulty in maintaining track during the S-Icutoff and
separation sequence, The reduced metric tracking
data showed discrepancies between the various track-
ing systems of 200 to 400 m in position components,

SA-7 was the fourth engineering test of the MIS-
TRAM tracking system and the second engineering test
of the GLOTRAC system on a Saturn vehicle. The
most comprehensive tracking coverage was obtained
from the MISTRAM system. Reliable data, with less
than 5 m random error, were obtained from 50 tb 500
seconds. The GLOTRAC system had some difficulty
with the San Salvador transmitter; therefore, reduced
metric data were obtained only from 170 to 403 sec-
onds. The random error in this data was also less
than 5 meters.

An engineering test of the radar altimeter was
flown on SA-7, According to the altimeter reliability
signal, valid data were obtained from 164 to 795 sec-
onds with only a few short dropouts, The random
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error in the altimeter data was 75 meters. A possi-
ble bias was indicated in the altimeter output of ap-
proximately 100 meters,

5.3 TRAJECTORY COMPARISON WITH NOMINAL

Actual and nominal altitude, range, and cross
range (Ze) are compared graphically in Figure 5-1
for the S-1 phase of flight and in Figure 5-2 for the
S-1IV phase. Actual and nominal total earth-fixed ve-
locities are shown graphically in Figure 5-3, Com-
parisons of actual and nominal parameters at the
three cutoff events are shown in Table 5-1, The nom-
inal trajectory is presented in Reference 2,

Altitude and range were greater thannominal dur-
ing S-1 burn. Theactual earth-fixed velocity was 39, 4
m/s greater than nominal at OECO. This excess ve-
locity can be attributed to the high performance and
longer burning time of the S-1 stage.

The longitudinal acceleration was lower than nom-
inal for the first 45 seconds of S-I flight and higher
than nominal for the remainder of S-1 stage operation
(Fig, 5-4),

The S8-IV stage cutoff 2.02 seconds later than
nominal and, combined with the 0,71 second late S-1
stage cutoff, resulted in a 1., 31 seconds longer burn-
ing time of the S-IV stage, Total acceleration during
S-1IV burn averaged 2 percent lower than nominal as a
result of low S-IV stage performance, This low per-
formance and a steeper trajectory with more gravi-
tational losses resulted in a S-IV stage velocity gain
of 37.6 m/s less than nominal in 1. 31 seconds longer
burning time,

The actual space-fixed velocity at the S-IV cutoff
signal given by the guidance computer (621, 375 sec)
was 7807.8 m/s, compared to the predicted velocity
of 7806.0 m/s. The actual velocity is based on the
powered flight trajectory, which matches the velocity
at insertion deduced from orbital tracking. The de-
viation was due principally to guidance errors identi-
fied after the flight.

The range was greater than nominal during S-IV
burn., The altitude was greater than nominal to 566
seconds and less than nominal for the remainder of
theflight, The apex altitude reached during S-IV burn
was 4,4 km higher than nominal; however, by S-1V
cutoff this deviation was reduced to 0,99 km lower
than nominal. Approximately 0. 28 km of the low cut-
off altitude can be attributed to low S-IV stage per-
formance, The remaining 0.71 km can be attributed
to guidance errors. Mach number and dynamic
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TABLE 5-1. CUTOFF CONDITIONS
TECO OECO S-1V CO
PARAMETER (Guidance Sigonal)
Avtual Nominal Act-Nom Actual Nominal Act-Nom Actual Nominal Act-Nom
Rauwge Time (sev) Te 1,04 140, 43% 0.6] 147,64 621,375 b1y, 35% T2
Altitude (km) 63,86 1.79 184,133 185,32 -0.9Y
Range (km) 75.20 0,67 By ,43 .02 2084.5& 207112 13,72
- ] . I R
Cross Range, 0,31 -0 06 .38 47,38 48, 82 ~1.44
Cross Ranpe Velocity, 2, (mfs) 3.9 T -3l 12.8 5.4 PR 2215 -1.50
Earth-Fixed Velovity (mfs) .4 3.4 2658, 100 344 7403.2 07,4 1.8
Earth-Fixed Velocity Vector 26.92 .69 26,49 25,78 a0, 0.7 n.o07 o, 0o
Elevation (dey)
Earth-Fixed Velucity Vector 105,43 105,56 =0,13 105,52 105,63 -0,13 115.1n 115,08 G.02
Azimuth (deg)
Space-Fixed Velocity (mis) 28495.8 2858, 1 37.7 3062.0 3oy 2 3T.8 7807.8 THO6.0 1.8
Longitudinal Acceleration (my'sz) 57.81 36,90 0,91 30,23 30,68 ‘ -0.545 22,21 22,24 ~0,03
i
*Based oo First Motion Time nf 0,04 seo. Altitude Accuracy
QECO R L]
Earth-Fixed Velocity Accuracy S-IVv co t 100w
0KCO 05w
s-1v ¢0 * 1.0
Pt o — Actual
Nominal ———— Nomi
$-1v €O ominal
Earth-Fixed Velocity (m/'s) i Longitudinal Acceleration (m/s2)
7300 30 T
S-1V Cutoff
]
6300 20 A
/ / i
/ 1 / i
5300 10 e 1
/ h r—" | i
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pressure are shown inFigure 5-5, These parameters
were calculated using measured meteorological data
to an altitude of 27 km, Above this altitude the U. S.
Standard Reference Atmosphere was used.

A comparison of actual and nominal parameters
at significant event times is given in Table 5-IL
Apex is given for both the S-IV stage and the discarded
S-1 stage, It should be noted that loss of telemetry
signal and impact apply only to the discarded S-1
stage.

The S-IV cutoff signal was given by the guidance
computer at 621, 375 seconds; however, the solenoids
for the propellant valves on the S-IV stage do not re-
ceive the signal until 0,022 seconds later. The velocity
increments imparted to the vehicle from the terminating

—— Actual
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Number
10 4 4.0

Dynamjc Pressure
(Nemd IECO 0ECO

Dynamic
Pressure

60 80 100 120 140
Range Time (sec)

FIGURE 5-5, MACH NUMBER AND DYNAMIC PRES-

SURE
TABLE 5-1I, SIGNIFICANT EVENTS
Event Parameter Actual Nominal Act-Nom
First Motion Range Time (sec) 0.062 0.062 -
Longitudinal Acceleration (m/sz) 12,68 12.90 -0,22
Mach One Range Time (sec) 55.245 55.03 0.215
Altitude (km) 7.18 7.26 -0.08
Maximum Dynamic Pressure Range Time (sec) 73.0 70.0 3.0
Dynamic Pressure (N/cm?) 3.680 3.447 0,233
Altitude (km) 13.53 12.46 1.07
Maximum Longitudinal Acceleration Range Time (sec) 141,660 140.932 0.728
(S-1 Stage) Acceleration (m/s2) 57.93 56.90 1.08
Maximum Earth-Fixed Velocity Range Time (sec) 147.886 147,762 0.124
(S-1 Stage) Velocity (m/s) 2703.7 26640 39.7
Apex (S-1 Stage) Range Time (sec) 293,000 284 .062 8.938
Altitude (km) 159.41 147 .15 12.26
Range (km) 428.05 409.14 18.91
Earth-Fixed Velocity (m/s) 2360.1 2358.7 1.4
Apex (S-1IV Stage) Range Time (sec) 408.0 417.0 -9.0
Altitude (km) 210.35 205.91 4,44
Range (km) 914 .44 951.01 -36.57
Earth-Fixed Velocity (m/s) 4302.8 4388.5 -85.70
Loss of Telemetry (S-1 Stage) Range Time (sec) 464.3 464 3% -
Altitude (km) 38.6 23.3 15.3
Range (km) 828.27 814 .40 13.86
Total Acceleration (m/s?) -8.40 -65.00 56.60
Evaluation Angle From Pad (deg) -1.028 -2,100 1.072
Impact (S-1 Stage) Range Time (sec) 536.800C 598.362 -61.562
Range (km) 883.66 825.15 58.51
Cross Range (km) 12.40 12,60 -0.20
Geodetic Latitude (deg) 26.0942 26.2631 -0.1689
Longitude (deg) 72.0617 72.6164 -0.5547
Maximum Longitudinal Acceleration Range Time (sec) 621.425 619,355 2.070
(S-1V Stage) Acceleration (m/sZ) 22.22 22.23 -0.01
Maximum Earth-Fixed Velocity Range Time (sec) 621.700 619.355 2,345
(S-1V Staze) Vvelocity (m/s) 7405 .8 7403.0 2.8

Note:

#For Comparison Purposes Only.
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thrust decays are shown in Table 5-1II for the S-I and
S-IV stage at OECO and S-IV guidance cutoff, respec-
tively.

TABLE 5-1II, VELOCITY GAIN AT CUTOFF

Velocity Gain (m/s)

Actual Nominal
S-I OECO 6.9 6.0
S-1V CO 2,7 1.6

A theoretical free flight trajectory was computed
for the discarded S-I stage, A nominal tumbling drag
coefficient was assumed for the dive phase. The cal-
culated impact location relative to the launch site is
shown in Figure 5-6, Table 5-IV presents booster im-
pact position from RCA Preliminary IP Report, actual
free flight trajectory, and nominal free flight trajec-
tory.

Latitude

5 Longitude e 7
FIGURE 5-6, BOOSTER TRAJECTORY GROUND

TRACK

TABLE 5-IV. BOOSTER IMPACT
Preliminary | Actual
Parameter 1P Report [(Calculated] Nominal Act-Nom

Surface Range* (km) 863.995 883.7 825.2 58.5
Cross Range (km) - 12.4 12.6 -0.2
Geodetic Latitude (deg) 26.156 26,094 -26.263 -0, 169
Longitude (deg) 72,241 72.062 72,616 -0.554
Range Time (sec) 613.8 536.8 598.4 -61.6

*Surface Range is Measured from Launch Site

5.4 INSERTION CONDITIONS (S-IV CUTOFF + 10
SEC)

The orbital insertion conditions for SA-T7 were
determined by a differential correction procedure,
Table 5-V shows a comparison between the actual and
nominal orbital insertion elements.
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TABLE 5-V. INSERTION ELEMENTS COMPARISON
Actual Nominal Act-Nom
Time of Orbital Insertion 631.375 629,352 +2.023
(Range Time sec)
Space-Fixed Velocity (m/s) 7810.44 7807.67 +2.77
Pitch Angle (deg) 89.97 89.93 0.04
Altitude (km) 184.35 185,34 -0.99
Ground Range (km) 2156.82 2143,07 13.75
Cross Range (km) 49.6 51.1 -1.5
Cross Range Velocity (m/s) 221.4 224.9 -3.5
Apogee Altitude (km)* 234.10 227.92 6.18
Perigee Altitude (km)¥ 180,21 180.95 -0.74
Period (min) 88.64 88.58 0.06
Inclination (deg) 31.75 31.76 -0.01
Excess Circular Velocity (m/s) 15.2 13.0 2.2
Lifetime (days) 3.8 3.2 0.6
*The Apogee and Perigee altitudes are referenced to a spherical
earth radiua of 6378.165 km.

The estimated accuracy of the velocity and posi-
tion data are 0.4 m/s and 400 m respectively.

5.5 ORBITAL DECAY AND REENTRY

The SA-7 apogee and perigee altitudes from or-
bital insertion to reentry are shown in Figure 5-7,
The orbital decay history was established by GSFC on
a real time basis for the lifetime of the vehicle, The
initial apogee and perigee decay rates respectively
were 6 km/day and 3 km/day,
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The final orbit and reentry of SA-7 is shown in
Figure 5-8. The orbit reached the estimated breakup
altitude of 86 km at approximately 11:50 Z, September
22, at coordinates of 21.7 degrees south latitude and
56, 4 degrees east longitude (see Fig. 5-8). The
theoretical hallistic impact time is approximately
12:00 Z, September 22, at coordinates 26,4 degrees

south latitude and 69 degrees east longitude (south-
east of Madagascar in the Indian Ocean). This reentry
location is consistent with the fact that no signal was
received from the Minitrack beacon after the KANO
observation. Monitoring for the 136 mec¢ beacon at
Carnarvon and Woomera, Australia, and South Point,
Hawaii, confirmed that the vehicle was no longer in
orbit,
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GONRFIDENTIAL

SECTION VI,

6.1 SUMMARY

The performance of both the S-I and S~IV stage
propulsion systems was satisfactory for the SA-7 flight
test. SA-7was the third Saturnvehicle to employ H-1
engines at a thrust level of 836,000 N (188, 000 lbf) to
provide thrust for the S-Istage. SA~7 also represented
the third Saturn flight test of the RL10A-3 engine for
the S-1V stage.

The vehicle longitudinal thrust of the S-I stage
averaged between 0. 92 percent (engine analysis) and
1. 24 percent (flight simulation) higher thanpredicted.
Vehicle specific impulse averaged hetween 0,71 per-
cent (engine analysis) and 0,90 percent (flight simu-
lation) higher than predicted. The performance of all
pressurization systems, purge systems, hydraulic
systems and other associated systems was as expected.

Propulsion performance of the S-IV stage was
within design limits throughout the stage powered
phase. From engine analysis the average vehicle
longitudinal thrust was approximately equal to pre-
dicted and the stage specific impulse was 0,02 percent
higher than predicted. The flight simulation method
indicated the thrust and specific impulse were 0,89
percent and 0.98 percent respectively, lower than
predicted. The performance of the individual engines,
tank pressure systems, helium heater, hydraulic sys-
tems, PU system and the non-propulsive vent system
were all within the expected values.

6.2 S5-I STAGE PROPULSION SYSTEM
6.2.1 OVERALL STAGE PROPULSION PER-
FORMANCE

The propulsion system of the S-I stage per-
formed satisfactorily. Ignitioncommand was initiated
-3. 32 seconds before liftoff signal. Engine buildupwas
satisfactory except for large pressure disturbances in
engine position 3 (see Para. 6.2.3). The chamber
pressure buildup was otherwise normal with the en-
gine starting sequence within expected tolerances of
the prescribed 100 milliseconds delay between starting
pairs. Figure 6-1 illustrates the thrust buildup of each
engine. The largest deviation in the thrust buildup
times of the engines that received ignition signal at
the same time was 75 milliseconds (engines 2 and 4).

6.2,2 CLUSTER PERFORMANCE

Two separate analyses were employed in re-
constructing the S-I stage all engine performance. The
first method is an engine analysis, which uses tele-
metered parameters to compute clustered thrust, spe-

PROPULSION

Thrust (1000 N}
| .

T

Thrust {1000 Ib)

|

4w

o)

FIGURE 6-1. INDIVIDUAL ENGINE THRUST

BUILDUP

cific impulse, and mass flow. The second method is
postflight simulation which uses the thrust and mass
flow shapes obtained from the engine analysis and ad-
justs the levels to simulate the actual trajectory as
closely as possible,

6.2.2.1 ENGINE ANALYSIS

Vehicle longitudinal thrust (upper portion of
Fig. 6-2) averaged approximately 0.7 percent higher
than predicted, Vehicle specific impulse (lower por-
tion of Fig. 6-2) averaged approximately 0.5 percent
higher than predicted.
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Vehicle total propellant flow rate and mixture ra-
tioare shown in Figure 6-3, Flight mixture ratio av-
eragedapproximately 2. 2 percentlower than predicted.

— Al
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FIGURE 6-3. VEHICLE MIXTURE RATIO AND

TOTAL FLOW RATE

The lower than predicted mixture ratio can be attri-
buted to a higher than predicted fuel specific weight
and a lower than predicted LOX specific weight,

Average S-I propulsion parameters for the SA-7
flight are summarized below:

Parameter Propulsion 7% Deviation
Analysis Fm Predicted
Vehicle Longitudinal 6,792,844 N 0.92
Thrust 1,527,092 lbf
Vehicle Mass Loss 2,693 kg/s 0.21
Rate 5,939 lbm/s
Vehicle Longitudinal 257.1 sec 0.71

Specific Impulse

The engine cutoff sequence was normal for all en-
gines. The cutoff sequence was initiated at 139,54
seconds by the liquid level sensor locatedin LOX tank
04. Inboard Engine Cutoff (IECO) occurred at {41, 54
seconds, and Qutboard Engine Cutoff (OECO) occurred
at 147, 64 seconds, A typical thrust decay of an out-
board engine is presented in Figure 6-4.

6.2.2.2 FLIGHT SIMULATION

The vehicle longitudinal sea level specific
impulse, vehicle longitudinal sea level thrust, and to-
tal liftoff weight were derived from the telemetered
propulsion system measurements in a simulation of
the tracked trajectory. A summarization of the aver-
age values and deviations of the flight simulation re-
sults from predicted and from the postflight engine
analysis results are presented in Table 6-1.
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FIGURE 6-4. TYPICAL OUTBOARD ENGINE

THRUST DECAY

TABLE 6-1, FLIGHT SIMULATION AVERAGE

PROPULSION RESULTS

Parameter Predicted Flight Simulation{% Deviation
From
Predicted

First Motion 510,706 kg 513,327 kg +0.51

1,125,910 lbm| 1,131,693 Ibm

Sea Level 6,730,640 N 6,815,342 N

Thrust 1,513,108 1bf |1,532,150 Ibf +1.24

Flow Rate 2685.3 kg/s | 269.79 kg/s  [+0.35

5926. % Lb/s 5947.8 Ih/s

Sea Level

Specific

Impulsc 255. 30 sec 257.6 sec +0.90

The maximum deviations of the simulated trajec-
tory fromthetracking trajectory were 10 m/s in slant
distance, 0.7 m/s in velocity and 0. 05 m/s? in accel-
eration.

In analyses performed with the flight simulation
method on Block I flights it has been assumed that
the vehicle thrust and flow rate curve shapes as a
function of time were known from the engine analysis
based on the telemetered measurements. Only the
absolute levels were considered in doubt. With the
flights of the Saturn I Block Il vehicles it has proven
impossible to fit the trajectory with this assumption,
Continued investigations have indicated a possible
theory for the problem. Because of the clustered
arrangement of the engines it is now theorized
that the engines do not exhaust into an ambient atmos-
pheric environment. Expansionrather takes placeinto
a pressure fielddifferentfrom ambient caused by in-
terference effects between the exhausts from the mul-
tiple engines.
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The simulation method must now be used to solve
for variations in thrust shape and drag shape simul-
taneously. This, of course, decreases the accuracy
of the results. The exact amount of the degradation
has not been determined as yet.

For this flight the simulation program was utiliz-
edin the normal manner with one significant exception;
along with solving for the axial force coefficient, a
variable multiplier was also determined which would
change the shape of the local thrustcurve to get a good
fit to the observed tracking trajectory. This variable
multiplier is presented in Figure 6-5 along with the
indicated thrust correction that is computed from the
telemetered base pressure measurements.
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Note:  Below 69 seconds the percentage thrust correction is zero.

FIGURE 6-5. LOCAL THRUST CORRECTION DUE

TO CLUSTER EFFECT

This procedure causes a certain lack of confidence
in the uniqueness of the results when so much freedom
in variation is allowed. However, certain consist-

encies in the results would also tend to build confidence..

Also, the flight simulation gives a solution for the
liftoff weight very close to the engine analysis results.

Results for the solution of the axial force coeffi-
cient are given in Figure 13-2 in Section XIII,

6.2.3 INDIVIDUAL ENGINE PERFORMANCE
Individual engine performance was satisfactory
during mainstage operation. However, engine position
5indicated a slightly lower thrustlevel duringthe first
30 seconds than observed on the other seven engines.
This engine performed normally after 30 seconds and
no hardware malfunction could be correlated with this
Iower thrust level from the available data,
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During the time interval between S-Istage ignition
andliftoff, engine position 3 combustion chamber pres-
sure indicated large pressure disturbances which were
substantiated by data from the thrust chamber dome
combustion stability monitor longitudinal vibration
measurement, Chamber pressure data (Fig. 6-6)
indicated these pressure disturbances occurred be-
tween P, prime and build up to 90 percent of rated
thrust level. Chamber pressure duringa normal build
up is shown for comparison. Oscillograph data indi-
cate the durationof the pressure disturbances was ap-
proximately 20 milliseconds. Combustion stability
data indicated the frequency of vibration was within
the range of 960 to 6000 Hz and eqilal to or greater
than + 100 g for 2.5 milliseconds (see Fig., 6-6).
Flight data applicable to engine position 3 indicate the
performance level of thisengine was not degraded dur-
ing S-I powered flight and no recurrence of the pres-
sure disturbances after build up to 90 percent of rated
thrust level.

Pressure disturbances during this period are de-
fined as main propellant ignition pops. Pops are de-
fined as short duration combustion chamber pressure
disturbances which occur duning the time interval from
engine ignition signal and build up to 90 percent of
rated thrust. Pressuredisturbances whichoccur after
90 percent of rated thrust level are defined as repeated
pressure surges (RPS) and rough combustion (RC) de-
pending on the predominant frequency of pressure dis-
turbances. Pressure disturbances which occur ata
predominant frequency of approximately 250 Hz are
definedas RPS; RC is definedas pressure disturbances
having a predominant frequency of 1200 Hz. Pops can
trigger rough combustion, and the predominant fre-
quency of pops are not consistent. Even though the
predominant frequency of a pop is lower than the fre-
quency range (960 to 6000 Hz) of the combustion sta-
bility monitor (CSM) measurement, the harmonics of
the predominant frequency could be picked up by the
CSM. Toinitiate S-1-7 stage cutoff the CSM must pick
up avibration frequency within 960 to 6000 Hz and vi-
bration magnitude equal to or greater than : 100 g for
a sustained period of 100 milliseconds. Engine posi-
tion 3 was within this range for only 2,5 milliseconds.

Rocketdyne data show that popshave occurred only
four times during 2000 H-1 engine tests. The primary
causes of these pressure disturbances are (a) resid-
ual fuel in the thrust chamber due to a slightly high
ignitor fuel flow,(b) leaking "0 ring and (c) break-
ing up of carbon deposits on the injector. The
chamber pressure measurement and thrust chamber
dome vibration measurements were the only measure-
ments which indicated engine position 3 pressure dis-
turbances; however, this could be.due to their high re-
sponse rate in comparison to other measured param-
eters,
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Individual engine thrust and specific impulse were
calculated with the Saturn S-Istage propulsion system
mathematical model. Input for the reconstruction was
obtained from flight telemetry data and consisted of:
propellant and vehicle weights, pump inlet conditions,
propellant densities, and turbopump speeds.

Inorder to make a detailedanalysis of engine per-
formance it was necessary to establish a new predic-
tion of the system performance, based on the actual
flight propellant weights and densities. This new pre-
dictionis referred toas expected performance for dis-
cussion purposes. These expected data allow a clearer
comparisonof actual flight performance with predicted
performance, since both data are based on common
propellant densities. The flight fuel and LOX specific
weights were significantly different thanpredicted; the
fuel specific weightat launch was heavier than predicted
and the LOX specific weightwas lighter than predicted.
. The effects of the increased fuel density are twofold:
the propellant loading system loads an additional a-
mount of fuel in order to satisfy propellant depletion
requirements, and burning time is increased because
engine power levels are dropped and additional fuel
must now be burned. The expectedinboardengine cut-
off time related to propellant load and fuel density
which was reported by KSC was 142. 5 seconds, or ap-
proximately 1.5 seconds longer than predicted. The
effectof thewarmer thanpredicted LOXis to increase
burning time due to lower thrust levels and additional
propellant consumption. The additional propellant
consumption is obtained from the fuel bias which is
loaded to provide a minimum residual with variations
in flight mixture ratio. The warmer LOX causes a
decrease in mixture ratio from that predicted anda
portion of the bias is consumed. Therefore, the ex-
pected burning time considering the net effect caused
by both density variations was 143.5 scconds. The
actual cutoff time was 0.61 second later thanpredict-
ed, but 1. 96 seconds less than expected for the flight
propellant densities. The shorter thanexpected burn-
ing was caused by higher than expected thrust levels.

A deviation between the average actual and pre-
dicted thrust levels and theaverage actual and expect-
ed thrust levels is shown in Table 6-II.

The average specific impulse for all eight engines
was only 1.4 seconds higher than predicted, but was
1. 64 seconds higher than expected. The cause of the
engine performance being much higher than expected
cannot be definitely established {rom the available
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TABLE 6-I1.

ENGINE THRUST LEVEL COMPARISON

Engine Actual~Predicted Actual-Expected

Position (N) (1bf) (N) (1bf)
i 7,560 1,700 20,000 4,500
2 10,680 2,400 22,690 5,100
3 1,020 230 12,590 2,830
4 10,100 2,270 21,930 4,930
5 6,670 1,500 18,680 4,200
6 8,940 2,010 21,130 4,750
7 1,870 420 13,750 3,090
8 267 60 12,900 2,900

data. Figure 6-7 shows the engine-to-engine devia-
tions in thrust and specific impulse. The largest de-
viation in thrustand specific impulse was observed on
engine position 4.
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FIGURE 6-7. DIZVIATIONS IN INDIVIDUAL ENGINE

PERFORMANCE PARAMETERS
(S-1)
The final flight performance prediction was based
ondata obtained from Rocketdyne single engine penalty



tests. Penalty static tests were conducted for all en-
gines at Neosho test stand after the engines were re-
moved from the stage for LOX dome and turbine seal
replacements. The average penalty test data, ata
30-second time slice, showed thrust levels and engine
specific impulses approximately 2000 1b and 1. 5 sec-
onds lower than those obtained during MSFC stage stat-
ic test. Since the hardware changes were made at
Neosho, penalty test data were used for prediction,
However, MSFC test data contradicted the penalty test
data used and indicated that the performance would be
higher during flight. Only a 1. 06 percentaverage en-
gine thrustincrease had been indicatedby MSFC tests;
however, some of the engines were as high as 2. 2 per-
cent in thrust during the stage tests.

The flight thrust levels were lower, or approxi-
mately as expected, for the first few seconds of flight,
and then continuously diverged from the expected data
until 20 to 30 seconds of flight when the difference be-
came fairly constant. The continuously increasing dif-
ference between flight and expected thrustlevels during
the early portion of flight is a performance anomaly
that cannot be explained from the available data. Since
both the expected and flight data are based on approxi-
mately the same flight conditions, the difference should
be approximately constant throughout the entire flight
if the assumptions used in predicting performance are
valid, A similar situation was indicated during the
flight of SA-6. Possible explanations for the phenom-
enon are turbine exhaust effects or non-steady state
engine performance; neither is considered when pre-
dicting performance,

6.3 S-I PRESSURIZATION SYSTEMS

6.3.1 FUEL TANK PRESSURIZATION SYSTEM
Fuel tank pressurization provides increased
tank structural rigidity as well as adequate engine fuel
pump inlet pressure. The system operated as expect-
ed with no major deviations from predicted perform-
ance.

The system is designed to maintain a constant ul-
lage pressure of approximately 11 N/cm? gauge (16
psig) for the first 70 seconds of flight, The fuel con-
tainer pressurizing switch opens and closes any of the
three pressurizing valves which are active and keeps
the tank pressure between 10,3 and 11.7 N/cm? gauge
(15 and 17 psig). At 70 seconds, the flow of pres-
surant to the fuel tanks is terminated and the GN, re-
maining in the spheres is joined as one system and
allowed to equalize with the GN, in the LOX-SOX
spheres.

The pressure in the fuel tanks (Fig. 6-8) closely
agreed with the pressure seen on past flights and the
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FIGURE 6-8.

predicted value. The fluctuations in pressure during
systemoperationare normal and are due to the action
of the fuel container pressurizing switch., These os-
cillations of pressure are transmitted to the fuel pumps
but have a negligible effect on engine performance.

The 0., 57 cubic meter (20 ft3) sphere temperature
and the nitrogen manifold gas temperature were nor-
mal during flight, The SA-7 fuel ullage gas tempera-
ture closely agreed with that of the SA-6 flight. The
initial temperature in fuel tank was 294°K and de-
creased to a minimum of 270°K at 100 seconds. At
this time aerodynamic heating effects were at a max-
imum and caused the temperature toincrease to 276°K
at the end of flight.

6.3.2 LOX TANK PRESSURIZATION SYSTEM

Pressurization of the LOX tanks provides in-
creased tank structural rigidity and adequate LOX
pump inlet pressures. Prelaunch pressurization is
achieved with helium froma ground source., From ve-
hicle ignition command to liftoff an increased helium
flow is used to maintain adequate LOX tank pressure
during engine start. Operation of the LOX tank pres-
surization system during prelaunch and flight was
satisfactory.
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Prelaunch pressurization of the 4.24 percent ul-
lage was accomplished in 74 seconds. Predicted and

measured LOX tank pressures during flightare shown
in Figure 6-9. Center LOX tank and outboard LOX tank
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FIGURE 6-9.

pressures averaged 2,4 N/cm? (3. 5psi) higher, at the
beginning of flight, and 3.4 N/cm?® (5 psi) lower, at
the endof flight, than predicted. The center LOX tank
pressure reached a maximum of 42,4 N/cm? (61.5psi)
at 25 secondsand had decreased to 38. 6 N/em? (56 psi)
at 147 seconds. Although this is 0.7 N/cm? (1 psi)
below the regulating range of the GOX Flow Control
Valve (GFCV), it does not indicate abnormal system
operation since the 0.7 N/cm? (1 psi) is within the
measuring accuracy.

6.3.3 CONTROL PRESSURE SYSTEM

The pneumatic control pressure system sup-
plies GN, at a regulated pressure of 517 + 10 N/cm?
gauge (750 + 15 psig) for operation of the following:
LOX tank pressure relief valves one and two, LOX
vent valve, LOX replenishing control valve, suction
line prevalve control valves, engine turbopump gear-
box pressurization, and calorimeter and LOX pump
seal purges. The SA-7system was basically the same
as the SA-6 system, except for the deletion of the en-
gine compartment TV camera purge requirement. The
control pressure system operated satisfactorily
throughout the flight.

The supply sphere pressure was 1965 N/cm? (2850
psi) at liftoff and decreased to 1276 N/cm? (1850 psi)
at 150 seconds. The final pressure compares well
with the SA-5 level and is somewhat higher than SA-6
due to the TV camera purge on SA-6.

The regulated supply pressure was 527 N/ cm?
(765 psi) throughout S-Ipowered flightindicating sat-
isfactory performance of the control pressure regu-
lator.
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6.3.4 [,OX-SOX DISPOSAL SYSTEM

The LOX-SOX disposal system purges the
S-1/8-1V interstage area with GN,. The purge dis-
perses LOX, SOX, or both from the S-IV engine thrust
chambers during the chilldown cycle, and provides an
inert environment prior to S-1/S-1IV stage separation.

Successful operation of the LOX-SOX disposal
system was indicated by the flight data. Pressure
equalization between the 0.57 cubic meter (20 ft%)
triplex spheres occurredas scheduled at 70. 5 seconds
when the two systems were joined by a programmed
signal. This equalization was shown by a rapid in-
crease in sphere pressure to 1155 N/cm? (1675 psi)
and arapid decrease in plenum chamber temperature.

6.4 HYDROGEN VENT DUCT PURGE SYSTEM

The hydrogen vent duct purge system removes
the chilldown hydrogen flowing through the S-IV stage
plumbing atapproximately 35 seconds prior to S-1/S-IV
stage separation. The hydrogen exits the S-IV stage
through three 12-inch diameter ducts that lead down
the sides of the 8-1/S-IV interstage and the S-1 stage
in line with stub fins I, III, and IV, Prior to launch,
low-pressuré helium froma ground source purges the
three ducts. A helium triplex sphere assembly on-
board the S-I stage supplies GHe for the purge after
liftoff. This purge continues through the chilldown
operation and S-I stage powered flight.

The sphere pressure and temperature at liftoff
were 2040 N/cm? (2960 psi) and 297°K for SA-7 as
compared to 2000 N/em? (3000 psi) and 291°K for
SA-6. The pressure at OECO was 440 N/cm? (640
psi) for SA-7.compared to 383 N/em? (555 psi) for
SA-6. The temperature of the gas in the sphere at
OECOwas 218°K. SA-7hydrogenvent duct purge sys-
tem operation was satisfactory and comparable to
SA-6 system operation.

6.4.1 PROPELLANT UTILIZATION

Propellant utilization (the ratio of propellant
used to propellant loaded) is an indication of the ef-
ficiency of a propulsion system in consuming the loaded
propellant. Propellantutilizationfor the S-Istage was
very close to predicted. The predictedand actual per-
cent of loaded propellant utilized on the flight have
been calculated from the vehicle weight data and are
as follows:

Predicted (%) Actual (%)

Total 99. 09 99, 14
Fuel 98,21 98. 53
LOX 99, 48 99. 41
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LOX starvation cutoff of the outboard engines was
attempted for the first timeon SA-7. Itwas predicted
that LOX starvation would occur when the LOX level
reached the bottom of the outboard LOX container
sumps. The backup timer was set togive outboard en-
gine catoff 6.1 seconds after inboard engine cutoff if
starvation cutoff had not occurred.

The cutoff sequence was initiated by the uncover-
ing of the LOX level cutoff probe in LOX tank 04 at
139. 54 seconds. After a preset two-second delay,
IECO occurred. OECOwas initiated by the 6. {-second
backup timer at 147, 64 seconds indicating LOX star-
vation cutoff had not been accomplished.

Itwas predicted that OECOwould occur from L.OX
starvation 5. 64 seconds after IECO. This time inter-
val was predicted on the basis of 0.33 m (13 in.) height
differential between the center LOX tank and outboard
LOX tank levelsat IECO. Theactual differential from
probe data was 0.41 m (16 in,). Thisextra 7,62 cm
(3 in.) represents approximately 435 kg (960 1bm)
more LOX than predicted available to be burned be-
tween IECO and OECO. This helps to account for the
backup timer cutoff since it represents approximately
0. 5-second burn time for the four engines. The re-
constructed residuals agree with probe data, verifying
that LOX starvation was not accomplished.

The propellant residuals were determined utilizing
continuous level probes located in the bottom of each
propellant container, measuring the levels from 1.3
to 0.28m (51.5 to 11.2) from the container bottom.
The data from these probes were used in conjunction
with reconstructed flowrates to determine the follow-
ing propellant residuals:

End of Thrust

IECO OECO __ Decay
kg lbm kg lbf kg lbm
LOX 7,812 17,222 1,991 4,389 1,633 3,600

Fuel 5,556 12,249 2,453 5,408 1,829 4,032

6.5 S-I HYDRAULIC SYSTEM

The four outboard H-1 engines, gimbal mounted
on the stage thrust structure, provided engine thrust
vectoring for vehicle attitude control and steering dur-
ingoperationofthe S-Istage. Two hydraulic actuators
were utilized to gimbal each engine in response to sig-
nals from the Flight Control Computer located in the
Instrument Unit.

Four independent, closed-loop hydraulic systems
provide power for gimbaling the outboard engines, both
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during engine firing and non-firing operations. This
is accomplished without the use of an external pres-
surizing source. Hydraulic fluid flows totheactuators
from the high pressure accumulator and returns to the
low pressure reservoir. The electric motor driven
auxiliary pump operates only during prelaunch check-
out of the gimbaling system,

Performance of the hydraulic systems during S-I
stage flight was satisfactory. Source pressures re-
mained adequate throughout flight and the oil temper-
atures were well within their specified limits. The
oil levels in the individual systems ran lower than pre-
dicted but remained within limits. Low accumulator
GN, precharge pressures couldaccount for these lower
than predicted oil level values. Since the levels
showedrising trendsas the flight progressed, the pos-
sibility of anoil leakisunlikely. No threat to the per-
formance of the individual hydraulic systemswas posed
by the lower than expected oil levels.

6.6 RETRO ROCKET PERFORMANCE

Four 151,240 N (34,000 1bf) thrust, solid pro-
pellant retro rockets provided the necessary retarding
force on the S-I stage to prevent S-1/S-1V stage colli-
sionafter separation. The retro rockets were mounted
on the spider beam at the top of the S-1 stage, 90 de-
grees apartand midway between the main fin positions.
The nozzles were canted 12 degrees from the vehicle
longitudinal axis to direct the thrust vector through the
S-I stage center of percussion.

Retro rocketignition occurred as planned. Com-
bustion chamber pressure build up and decay appeared
normal for all four retro rockets., The SA-7 onboard
tape provided the specific data used in determining the
trends. Erratic data for the middle portion of the
burning period (149, 10 to 150, 10 sec) necessitated the
use of curves derived from previous flights to estab-
lish the trend during this erratic data period. A typ-
ical chamber pressure for the retro rockets is shown
in Figure 6-10.
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Measured, calculated, and predicted performance
values are shown in Table 6-III. The values obtained
indicate higher combustion pressure and thrust levels
than previous Block Il vehicles along with correspond-
ingly shorter burning times. High propellant grain
temperatures appear to be the most probable cause for
these high operating characteristics since combustion
chamber pressure varies with temperature,

Retro rocket performance was exceptionally good,
Proper operation prevented interaction of the S-1 and
S-1V stages.

6.7 S-IV STAGE PROPULSION SYSTEM

6.7.1 OVERALL S-1V STAGE PROPULSION

PERFORMANCE

The performance of the S-IV propulsion sys-
tem was within design limits throughout the S-IV-7
flight test. The performance of the individual engines,
tank pressurization systems, helium heater, hydraulic

TABLE 6-IIL

systems, PU system, and the non-propulsive vent
system were very close to predicted values.

6.7.2 CLUSTER PERFORMANCE

Two separate analyses were cmployed in re-
constructing the S-IV stage six-engine performance.

The first methodisanengine analysis, which uses
the telemetered engine parameters to compute clus-
tered thrust, specific impulse, and mass flow. A cor-
rection factor is used to account for the 6 degrees of
engine cant angle to the vehicle center line, helium
heater flow rates, helium heater thrust and chilldown
vent thrust,

The second method is a postflight simulation,
which uses the thrust and mass flow shapes obtained
from the engine analysis and adjusts the levels to sim-
ulate the actual trajectory as closely as possible. In
order to compare the postflight simulation results to
the engine analysis resultsa correction factor for base
pressure must be applied.

RETRO ROCKET PARAMETERS

Parameter etro Rockets Predicted¥*
1 2 3 4 Total

Burning Time (sec) 2.15 2,20 2.15 2,25 ———- 2,15

Total Impulse (N-s) 323,610 341,400 328,060 351,410 1,344,480 331,400
(1b-s) 72,750 76,750 73,750 79,000 302,250 74,500

Average Thrust (N) 150,514 155,181 152,583 157,169 615,447 154,130
(1b) 33,837 34,886 34,302 35,333 138,358 34,650

Average Pressure (N/cm?) 911 935 920 944 R R

(psi) 1,321 1,356 1,334 1,369
Firing Command (sec
range time) 148.5 148.5 148.5 148.5 147.7

Definition of Terms:

1. Burning Time - Time interval between the intersection points on the zero thrust line
described by a line tangent to the rise of thrust at the point of inflection extended
to intersect the zero thrust line and by a line tangent to the decaying thrust curve
at a point of reflection extended to intersect the zero thrust lLine.

2. Total Impulse - Area under thrust-versus-time curve.

3. Average Thrust - Total impulse divided by burning time.

4. Average Pressure - Area under pressure versus-time curve divided by burning time.

* Predicted values were based on a propellant grain temperature of 289°K.and an altitude
of 76,200 m (250,000 ft) .
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6.7.2.1 ENGINE ANALYSIS

S-IV-T stage flight data analysis, which was
based on an overall evaluation of burn time with re-
spect to propellants loaded and on any possible error
associated with these quantities, indicated that thrust
and specific impulse deviated from predicted by 0,89
percent for thrust and 0,98 percent for specific im-
pulse based upon flight simulation.

The engine analysis performance characteristics
were reconstructed starting from LU, cooldown and
continuing to cngine cutoff, Three independent com-
puter programs were used to gain statistical confidence
in the reconstructed values and profiles.

Basedon dataobtained from the acceptance firing
of the $-IV-7 stage, propellantdepletiontime has been
predictedas 481, 17 seconds burn time. The actual de-
pletion time, determined by extrapolating from the
propellant residuals remaining at command cutoff,
would have been 482, 5 seconds or approximately 1.3
seconds longer than predicted. The performance ex-
cursions were within the predicted bands and shapes.

Thrust, specific impulse, total propellant mass
flow rate and engine mixture ratio determined from
the engine analysis are presented in Figure 6-11,
6.7.2.2 TLIGHT SIMULATION
Adjustmentof the propulsion parameter his-
tories obtained by engine analysis was accomplished
by employinga six-degree-of-[reedom irajectory sim-
wlation computer program incorporating a differential
correction procedure, Theignition weight determined
from the engine analysis was considered known. The
results of the simulationindicate that the S-1V-7 stage
performance was very close to the performances of
previous S-1V stages, and was nearly a duplicate of
S-IvV-5 performance.

The simulation was obtained by varying vehicle
thrust, mass flow, and pitch plane engine misalign-
ment until the best fit of the actual trajectory param-
eters was obtained. The simulatedtrajectory matched
the actual trajectory witha greater degree of accuracy
thanon any of the previous flights. The following av-
erage deviations existed:

1. Slant Range - 28 m
2, Earth-Fixed Velocity - 0.32 m/s
3. Altitude - 44 m

Since the actual was very close to the simulated
trajectory, the only significantuncertainties in the re-
sults are those due to possible inaccuracies in post-
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flight vehicle weight, inactual trajectory, andin thrust
and mass flow shape from.the engine analysis. It is
estimated that these uncertainties could cause error
of up to 0.3 pereent in cach of the propulsion param-
eters,

Table 6 -1V compares the flight simulationand en-
gine analysis results to predicted values. It can be
soen that the S-IV-7 vehicle thrust and
impulse were lower than predicted, and that the ve-
hicle mass flow was nearly equal to predicted, As on
previous flights, the vehicle specific impulse and
thrust, as determined by the trajectory simulation
technique, were somewhat less than those determined
by engine analysis, indicating that the propulsion pa-
rameters determined from engine analysis are incom-
patible with the actual trajectory.

specific

The flight simulation technique provides an ac-
curate determination of avehicle mass history, if the
vehicle weight at any point of the trajectory is accu-
rately known. The SA-7 flight simulation results com-
pletely verily the postflight vehicle mass history



TABLE 6-1V, S-IV-7 PROPULSION SYSTEM PERFORMANCE

Parameters Flight Engi
. i ) gine

Predicted Simulation Analysis
Longitudinal Vehicle (N) 399,477 395,909 399,450
Thrust (1bg) 89,806 89,004 89,800
Vehicle Mass Loss Rate (kg/s) 95.6 94. 9 94.8
(1bm/s) 210. 8 209. 3 209.0

Longitudinal Vehicle
Specific Impulse (sec) 429.5 425.3 429.6

Definition of Propulsion Parameters

Longitudinal Vehicle Thrust accounts for engine cant angle, and includes helium heater
thrus t and thrust originating at the cooldown vents due to leakage of LH7 through the

engine cooldown valves during engine operation.

Ullage rocket thrust and predicted

aerodynamic base drag (600.5 N or 135 lbg thrust effect) are not included.

Vehicle Mass Loss Rate includes all stage weight flowrates, such as the sum of indivi-
dual engine propellant weight flowrates, leakage of LHp through the cooldown valves,
and helium heater propellant weight flow. Ullage rocket flowrate is not included.
Longitudinal Vehicle Specific Impulse is vehicle longitudinal thrust divided by vehicle

mass loss rate,

*Average values between 90% S-IV thrust and S-IV cutoff,

obtained from the combinationof propellant sensor data
and stage weights, Using the actual initial mass as an
initial condition for the flight simulation, itwas deter-
mined that the S-IV cutoff mass derived from flight
simulation was within 6,35 kg (14 lbm} of the actual
S-1V cutoff mass measured duringflight by capacitance
probe data and point level sensor data,

6.7.3 INDIVIDUAL ENGINE PERFORMANCE

The six Pratt and Whitney RL10A-3 engines,
which powered the S-1V stage, functioned satisfactorily
during prestart, start, steady state, and cutoff. All
engine events occurredas scheduled, and performance
levels of all engines were consistent with performance
levels established during acceptance testing,

6.7.3.1 ENGINE COOLDOWN

The engine cooldown periodwas 42, 0 seconds
for LH, and 10.1 seconds for LOX. The LOX con-
sumption for cooldown was approximately 68,04 kg
(150 lbm), or an average flow rate of 1, 13 kg/s (2.5
lbm/s) per engine. The LH,consumption for cooldown
was approximately 136 kg (250 lbm), or an average
LH, flowrate of 0.454 kg/s (1.0 lbm/s) per engine.
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6.7.3.2 START TRANSIENTS

Normal start transients were noted for all
engines. The engine thrust buildup at the 90 percent
level was achieved by all engines between 1,88 and
2.18 seconds after start command, For comparison,
the chamber pressure transients at start are shown in
Figure 6-12. The individual engine chamber pressure
and the thrust overshoot during engine start transient
were negligible. Engine thrust overshoot values were
less than 5 percent on all engines.

6.7.3.3 STEADY STATE OPERATION

Satisfactory performance of the engines was
demonstrated throughout the flight. Average engine
specific impulse for the engines was 431, 3 seconds
with a mean total engine thrust level of 401,390 N
(90,236 1bg) . Maximum and minimum mixture ratio
levels during the flight were 5.28 and 4. 80 respec-
tively, The maximum mixture ratio occurred at a PU
valve angle of -14 degrees while the minimum oc-
curred at an angle of 21 degrees, Figure 6-13 shows
the deviations from predicted thrust and specific im-
pulse,
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6.7.3.4 CUTOFF TRANSIENTS

nalat 621, 38 seconds.

Engine ¢

utoff was initiated by a guidance sig-
The six engine cluster exper-

ienced a smooth thrust decay and reached 5 percent
within 0. 128 to 0. 152 seconds, as shown in Figure
6-14, The total cutoff impulse subsequent to guidance
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FIGURE 6-14. S-IV CUTOFF TRANSIENTS
cutoff signal from engine measurements was 50,803
N-s (11,421 Ibg-s), compared to a predicted nominal
impulse of 29,038 N-s (6, 528 lbg-s) which was used
in the predicted trajectory and does not include the
8,807 N-s (1,980 lb-s) due to relay time delay or the
2,224 N-s (500 lbg~s) due to vent ducts. Analysis of
velocity gains determined from guidance indicates a
cutoff impulse of 49,375 N-s (11, 100 lbf—s)

Aninvestigation of the continued higher than pre-
dicted cutoff impulse on the S-IV stage flights was
made. Comparisons of flight and engine acceptance
test data confirm the higher flight shutdown impulse
in that they show 0.01 to 0.02 second slower decay
characteristics for all engines during flight, Because
of back EMF effects engine solenoid movements can
be greatly affected by vehicle electrical circuits. Test
runs at Pratt & Whitney Aircraft indicate that the 39-
volt Zener Diodes usedin the vehicle filter circuits at
the engine solenoids cause delays in solenoid actuation
times of approximately 0. 008 second. This effect,as
well as other electrical effects, is considered the
most likely explanation of the increased cutoff im-
pulse.

Asaresultof the investigation, it has been deter-
mined that the predicted value for cutoff impulse on
the S-1V stage of SA-9 will be changed to 48,930 N-s
(11,000 lb-s) not corrected for engine cant.
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The following sketch illustrates the method used
in determining the cutoff impulse of each engine,
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6.8 S5-IV PRESSURIZATION SYSTEM

6.8.1 LH; TANK PRESSURIZATION

During the S-IV-7 {light, the LH, tank pres-
surization system performed satisfactorily. Figure
6-15 presents the LH, tank ullage pressures during
prepressurization, S-I boost and S-1V flight.

Pressure (N/cm?)

The LH, pump inlet conditions were maintained
within the engine specification requirements range
throughout flight except for NPSP. The LH, tank was
prepressurized with ground supplied helium from 11,0
N/cm? (15,9 psi) to 24.9 N/cm? (36,1 psi).

The ullage pressure decayed to 24,1 N/cm? (35.0
psi) at S-I liftoff, By the time of LH, prestart, the
ullage pressure had decayed to 23. 8 N/cm?(34. 5 psi).
The ullage pressure decreased during cooldown and
was approximately 20.5 N/cm? (29.8 psi) at 140.0
seconds, at which time the ambient helium makeup
was initiated by the LH, tank ullage pressure switch
for the first time. The first makeup cycle lasted 3.5
seconds. Makeup was activated a second time at
150. 0 seconds, and this cycle lasted approximately
3.0 seconds. Approximately 0.34 kg (0,74 lbm) of
helium were used during makeup.

Inflight fuel tank pressurization is accomplished
by GH, which is tapped off the engine supply down-
stream of the main fuel shutoff valve and routed through
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S5-IV FLIGHT
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the fuel tank pressurizing valve. Prior to initiation of
step pressurizationonsignal from the propellant utili-
zation system at 488.4 seconds, the LH, tank ullage
pressure cycled between approximately 20,5 and 21, 4
N/cm? (29.8 and 31.1 psi). The initiation of step
pressurization opens the step pressure solenoid and
the tank pressure is allowed to approach the vent set-
ting. Theullage pressure increased from 20,8 N/cm?
(30.2 psi) at initiation of step pressurization to 26, 4
N/cm? (38. 3 psi) at S-IV-7 stage cutoff.

The average pressurant temperature was approxi-
mately 186°K. The average pressurant flowrates ob-
tained during normal, control and step were 0. 051,
0. 079 and 0. 124 kg/s (0. 113, 0. 175and0. 274 1bm/s},
respectively, Average ullage temperature at cutoff
was approximately 150°K. During the flight, 36.2 kg
(79.9 lbm) of GH, was used to pressurize the tank,
19.7 kg (43.5 lbm) of which was used prior to step
pressurization. :

The performance of the non-propulsive vent sys-
tem was as expected. See Section VIII for details on
system performance.
6.8.1.1 LH, PUMP INLET CONDITIONS
Based on engine performance data, the LH,
pump inlet conditions were adequate throughout the en-
tire flight, even though minimum required conditions
were not achieved for approximately 30 seconds (see
Figure 6-16). Minimum NPSP was 4.8 N/cm? (7.0
psi) at initiation of step pressurization.

6.8.2 LOX TANK PRESSURIZATION

During the S-IV-7 stage flight, the LOX tank
pressurization system operation was satisfactory.
The LOX tank is pressurized with cold GHe from a
ground source immediately prior to liftoff. During the
S-IV powered phase pressure to LOX tank is provided
by the helium heater., Figure 6-17 presents the LOX
tank ullage pressure during prepressurization, S-I
boost and S-1V flight.

Throughout flight, the engine total pump inlet pres-
sures were above 31,7 N/cm® (46 psi) and the NPSP
were well above the minimum required limit of 10, 3
N/em? (15 psi). At the initiation of automatic count
(150 sec prior to liftoff), the LOX tank was prepres-
surized to approximately 33. 0 N/cm? (47.9 psi) with
about 1.9 kg (4.1 lbm) of ground supplied helium,

Between 120 and 100 seconds hefore liftoff, the
LOX tank vent valve number 1 cycled 4 times. The
LOX tank ullage pressure then decayed to about 30. 1
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N/cm? (43,6 psi) at approximately 60 seconds before
liftoff, after which it leveled off and began to increase.
This pressure decay may have been due to flow from
a vent valve pilot which remained unseated from the
last vent until 60 scconds prior to liftoff,
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During S-1 boost, the LOX tank ullage pressure
remainedrelatively constant, which may be attributed
to a balance between a pressure decrease due to pro-
pellant slosh and a pressure increase due to the vent
valve purge.

As shown in Figure 6-18, the S-IV-7 flight dem-
onstrated the successful operational capability of the
helium heater as an integral component of the stage
LOX tankpressurizationsystem. Helium heater igni-
tion was normal at the S-IV stage engine command,
with the combustion temperature rising rapidly to
above 556°K within three seconds., The combustion
temperature continued to rise for 140 seconds of S-IV
stage powered flight, reaching a maximum of {144°K
and then decreasing rapidly to off-scale. Investigation
of other heater parameters, such as cold helium ori-
fice inlet temperature and heat flux, shows that the
combustion temperature drop was invalid, due to an
instrumentation failure. Five seconds after S-IV stage
engine cutoff, the combustion temperature rose sharp-
ly, showing the characteristic shape of the temperature
transient after cutoff.

Helium heater heat flux was satisfactory for the
full duration of the S-IV stage powered flight, averag-
ing approximately 7. 61 x 10 watts (260 x 103 Btu/hr)
for two-coil mode and 5.42 x 104 watts (185 x 10°
Btu/hr) for single-coil mode. The helium heater sec-
ondary coil control valve cycled 3, 5 times during S-IV
stage powered flight, with single-coil mode occurring
during 45.5 percent of this time, and two-coil mode
occurring during the remainder ofthe time, It isnoted
that the S-IV-7 was the first flight stage that did not
incorporate the LOX tank pressurization backup sys-
tem., The LOX tank pressure demands and the normal
tank pressurization system operation were such that
the backup system was not required.

The performance of the non-propulsive vent sys-
tem was as expected., See Section VIII for details on
system performance,

6.8.2.1 LOX PUMP INLET CONDITIONS

The LOX supply system delivered the nec-
essaryquantity of LOX to the engine pump inlets while
maintaining the required conditions of pressure and
temperature. The LOX pump inlet temperature stabi-
lized at the bulk temperature of 90.4°K within 5 sec-
onds after engine start, The temperature then slowly
increased, maintaining an average of 91.81°K by the
time of $-1V stage cutoff. The inlet conditions shown
in Figure 6-19were within the specified limits of tem-
perature and pressure throughout S-1V operation. Cold
helium hubbling was initiated at 488 seconds prior to
liftoff and continued satisfactorily until its termination
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at 188 seconds prior to liftoff. The LOX pump inlet
temperatures decreased in a normal manner and, at
termination of cold helium bubbling, were within the
range of 78.9°K to 81.4°K. This temperature range
compared favorably.with expected values., By pre-
start, the temperatures had increased to 92, 2°K and
94, 2° K, both of which were within the required limits
of 90.3°K to 97.7°K. At engine start, the inlet tem-
peratures were between 90.6°K and 91, 1°K. A time-
history of LOX pump inlet temperatures during the
cold helium bubbling operation and the LOX pump cool-
down period is presented in Figure 6-20.

6.8.3 COLD HELIUM SUPPLY

During S-1V stage flight, the cold helium sup-
ply was more than adequate. The pressure and tem-
perature inthe cold helium spheres at SA-7 liftoff were
2137 N/em? (3100 psi) and 21, 9°K respectively, indi-
cating a helium mass of 57.4 kg (126.5lbm). A lack
of temperature data for the number 2 cold helium
sphere during flight negates any determination of he-
lium mass in the bottles after liftoff. However, the
monitoring of pressure and temperature conditions at
the LOX tank pressurization control orifice, during
S-I boost and S-IV pbwered flight, verified that no
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makeup pressurization from the cold helium spheres
wasrequired prior to S-1V ignition. Based upon inte-
gration of the pressurization flow rate during S-IV
burn, it was determined that 34,9 kg (77 lbm) of he-
lium were consumed for LOX tank pressurization,
leaving aresidualof 22,5 kg (49.5 lbm) helium in the
storage spheres.

6.8.4 CONTROL HELIUM SYSTEM

The S-IV-7 pneumatic control system operation
was satisfactory during preflight checkout and flight.
The control helium sphere was pressurized to approx-
imately 2027 N/cm?® (2940 psi) ; itdecreased during S-1
powered flight to about 1986 N/cm? (2880 psi) and
reached approximately 1850 N/em? (2690 psi) at S-IV
engine cutoff. The sphere temperature ranged from a
maximum of 292°K at liftoff toa minimum of 267°K at
about 175 seconds after S-IV engine start. By the time
of 8-1V engine cutoff, the sphere temperature had in-
creased to 268°K.

The control helium regulator outlet pressure var-
ied between 344 and 327 N/cm? (499and 474 psi) from
liftoff to S-IV engine start command, after which time
it stabilized at 330 N/cm? (478 psi). The change in
regulator discharge pressure reflects the change in the
ambient reference pressure.

6.9 S-IV PROPELLANT UTILIZATION SYSTEM

The propellant utilization (PU) system per-
formed satisfactorily, The usable residuals above
the pump inlets at command cutoff were 980 kg (2154
Ibm) of LOX and203kg (447 Ibm) of LH,. IftheS-IV-7
flight had been permitted to run to propellant deple-
tion, the propellant utilization at depletion cutoff sig-
nal would have beén 99, 95 percent of the usable pro-
pellants loaded. The residual at depletion cutoff would
have been 22,7 kg (50 lbm) of LH,.

6.9.1 PROPELLANT MASS HISTORY
The propellant mass history at various event
times is presented in the following table. The values
are for total mass above the pump inlet.

Event LOX LH,
kg lIbm kg Ibm
First Motion 38,225 84,271 7,772 17,134
LH, Prestart 38,221 84,263 7,771 17,132
LOX Prestart 38,220 84,260 7,681 16,934
Ignition 38,163 84,135 7,657 16,881
PU Activation 37,903 83,562 7,600 16,755
Residual 977 2,154 203 447

The values in the table are based on separate
studies of telemetered subsystem and engine propel-
lant flow data.

6.9.2 SYSTEM RESPONSE

The PU system responded properly during
S-IV-7 flight and provided the necessary PU valve
movement to correct for the mass errors sensed by
the system. Figure 6-21 shows the actual movement
of the PU valve during S-IV stage flight,
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At the time of PU system activation, the system
sensed apositive equivalent LOX mass error (excess
LOX 98,4 kgor 2171bm) and positioned the PU valves,
causing the engines to assume a higher mixture ratio.
The factors primarily responsible for this PU valve
excursion were non-linearitics in the system and the
initial LOX mass error sensed in the system. This
initial mass error on SA-7 was within the accuracy of
the loading system.

The average engine mixture ratio excursions dur-
ing flight varied between 4.8 and 5. 28, which are well
within engine operational capabilities.

6.9.3 PU SYSTEM COMMAND

The PU system is designed to originate three
commands:

1. The PU System Gain Change Command
2. The LH, Tank Step Pressure Command
3. The Arm All Engine Cutoff Command

The first two commands occurred at the proper
times; the third was overridden by a signal from the
IU.

The PU System Gain Change was scheduled to oc-
cur when the PU system indicated that the LOX mass
had decreased to 33,513 kg (73,884 lbm). The com-
mand was observedtooccur at 209, 74 seconds (S-IV-7
stage engine start command was 150, 14 sec). The
LOX mass at this time was 33,467 kg (73,783 lbm),
which was within the expected tolerance range.

The LH, Tank Step Pressure Command was sched-
uled to occur when the PU system indicated that the
LOX mass had reached 11,476 kg (25,300 lbm). This

command was observed to occur at 488.11 seconds,

at which time the LOX mass was 11,378 kg (25,085
lbm). This mass value was within tolerance.

6.10 S-IV-7 HYDRAULIC SYSTEM

The S-1V hydraulic system's performance was
satisfactory throughout the SA-7 flight. The sequence
valves opened upon command, and the accumulators
provided an adequate supply of high pressure oil to
preposition the engines prior to engine start., When
the engine driven pumps achieved a stabilized output,
the accumulators bottomed in an oil filled position.
This reactionwas as expected. The accumulators are
not required to absorb pump pulsations or pressure
surges; system compliance provides the necessary
damping.

Engine position control was maintained after en-
gine cutoff for the following lengths of time:

22 sec minimum
21 sec
21.5 sec

Engines 1, 4, 5& 6 still had a positive accumulator
charge at the time (22 sec) noted; the onboard re-
corder playback interrupted the pertinent data trans-

Engines 1,4,5, & 6
Engine 2
Engine 3

mission at that time, preventing an accurate placing
of the accumulator fluid exhaustion point,

6.11 ULLAGE ROCKETS

Ullage rocket performance was satisfactory.
The ullage rocketignition commandwas givenat 148, 34
seconds. After ignition command the chamber pres-
sure of rockets 3and 4 began toincrease immediately,
while the chamber pressure increase of rockets 1 and
2was delayed approximately 0,05 second. Thecham-
ber pressure rise rates, which were similar for all
four rockets, required approximately 0.03 second to
increase from 0 to 689 N/cm? (1, 000 psi), represent-
ing a rate of approximately 23,000 N/cm?/s (33,000
psi/s). The chamber pressures during mainstage
operations were nominal, averaging approximately
710 N/cm? (1,030 psi). The burn time above 90 per-
cent thrust level, corresponding to chamber pressure
of approximately 620 N/em? (900 psi), was 3.7 sec-
onds, which compares favorably with the required min-
imum of 3 seconds.

At burnout, the chamber pressures of all four
rockets decreased simultaneously. Actual flight data
compared with the manufacturer's data revealed an
overall performance level that was slightly above the
typical manufacturer-specified performance level for
a grain temperature of 294°K. It should be noted that
when the ullage rocket pressure sensing lines were
installed, they were empty, not oil filled. Rocket
thrust data, presented in Figure 6-22, show that the
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total longitudinal impulse (the impulse parallel to the
axis of the stage) was 270,452 N-s (60,800 lb-s),
whichwaswithin 0. 5percent of the predicted nominal,
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Rocket jettison was satisfactory, with all rockets
being jettisoned from 12.1 to 13, 3 seconds after ullage
rocket ignition command,
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SECTION VIIL
7.1 SUMMARY

The overall performance of the guidance and
control system on SA-7 was satisfactory. The vehicle
responded properly to the simultaneously executed roll
and pitch programs which began shortly after liftoff.
As expected, a counterclockwise roll moment, due to
the unbalanced aerodynamic forces caused by the S-1
turbine exhaust ducts, generateda vehicle rollattitude
error (3,5 deg at 60 sec)., Minor changes in pitchat-
titude and engine deflection were noted due to the
change incontrol system gain coefficients at 110 sec-
onds and due to a change in total thrust vector align-
ment at IECO. The roll torque due to the thrust vector
misalignment caused only a 0.2-degree clockwise roll
attitude error shortly after liftoff; after IECOthe angle
increasedto 0, 4 degree. These values are very small
compared with SA-6 which experienced roll angles of
1 degree after liftoff and 3 degrees after IECO, These
reduced roll angles are due primarily to the much
smaller roll torque on SA-7 and secondarily tothe fact
that the roll gain was held constant throughout S-I
powered flight (on SA -6 it was reduced by 50 percent
at 110 scc).

A vehicle roll deviation of 5,9 degrees developed
during S-I stage separation due to a much larger than
expected misalignment of the S-IV ullage rockets,
When the S-IV control system became effective about
two seconds after separation, the roll angle was rap-
idly reduced. During this correction, the maximum
roll rate of 5.6 deg/s was observed,

At path guidance initiation the vehicle's space-
fixed velocity was about 1 percent higher than nominal,
This condition caused the guidance system to issue a
nose down pitch steering command correction which
peaked at 4.5 degrees at 190 seconds, During this
period (at 169 sec), the ST-124 platform issueda
maximum nose up pitch attitude error signal of 2,3
degrees to the vehicle flight control system.

In the yaw plane, the computer data showed that
the vehicle was to the left (-12.2 m/s and -460 m) at
guidance initiation, Consequently, the guidance sys-
tem issued maximum steering corrections of -5, 7 deg
Xy and 1.6 deg y,. (nose right and CW viewed from
rear). During this time (at 174 sec), the largest at-
titude error signals issued by the ST-124to the vehicle
flight control system were 2. 4 degrees nose left yaw
and 0.6-degree roll (CCW viewed from rear). The
maximum yaw and roll attitudes resulting from the
initiation of yaw plane guidance were 5, 6 degrees nose
left and 0, 85-degree CW, occurring at 174 seconds.

GUIDANCE AND CONTROL

The overall performance of the guidance system
was satisfactory., At guidance initiation the computer
indicated that the vehicle was to the left of the planned
trajectory; 250 seconds later, these initial values of
-12,2 m/s and -460 m reached 0 m/s and -190 m,
However, due to the increasing S-IV stage center of
gravity offset, the digital computer velocity increased
to-0.4m/s at 500 seconds and stabilized at that value
through S-IV cutoff., The displacement from the ref-
erence trajectory measured at that time was -254 m
(to the left).

The pitch plane steering misalignment correction
term (y,.) (introduced some 6 sec after guidance ini-
tiation) ranged from 1,0 degree to 1, 4 degrees at the
end of path guidance, well within the expected limits,
At S-IV guidance cutoff command, the space-fixed ve-
locity vector calculated by the digital computer was
7806.0 m/s and the altitude {calculated from computer
data) was 184,6 km, These measured values com-
pare favorably with the cutoff velocity presetting value
of 7806.0 m/s and the precalculated altitude of 185, 3
km. At S-IV cutoff command, the adjusted powered
flight tracking data show that the actual space-fixed
velocity was 7807.8 m/s (1.8 m/s larger than the ve-
locity presetting) and the actual altitude was 184, 3 km
(1.0 km lower than the precalculated altitude),

The inertial velocity components measured by the
ST-124 accelerometers are in agrcement with those
calculated by the digital computer. The predicted
(bascd on the ST-124 system's 30 errors) and meas-
ured inertial velocity component differences (i.e.,
accelerometer-tracking) at S-IV cutoff were:

Velocity Predicted Difference Measured
Component {m/s) Difference
(m/s)
Range + 0.4 -1, 0
Altitude + 1,6 3.6
Cross Range +1,8 4,7

The measured differences are approximately two
and one-half-times larger than those predicted for the
SA-T flight and are due principally to the development
of large stabilized platform leveling errors after S-I
ignition. The inertial velocity component differences
(accelerometer-tracking) calculated using the labora-
tory measured ST-124 system errors (plus the pre-
ignition range and cross rangeaccelerometer leveling
errors and the azimuth misalignment) fall well within
the 30 error bands.
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7.2 SYSTEM DESCRIPTION

SA-7 was the first Saturn I vehicle to employ a
fully active ST-124 guidance system. The principal
functions of this system are to:

i{. Generate attitude error signals for vehicle
control and steering throughout flight.

2. Issue timed discretes to the Spacecraft, In-
strument Unit, S-IV and S-I stagesfor sequencing ve-
hicle events throughout the entire flight period.

3. Compute and issue steering commands for
active path guidance during S-IV stage burn.

4, Terminate path guidance and initiate S-IV en-
gine shutdown at the preselected space-fixed velocity.

The ST-124 guidance system consists of the ST-
124 stabilized platform assembly and electronics box,
the guidance signal processor and the digital comput-
er. Figure 7-1 shows the interrelationship between
the components of this system and their integration
with the elements of the vehicle's control system. The
operational periods of these major guidance and con-
trol system components are also indicated.

7.3 CONTROL ANALYSIS
7.3.1 S-ISTAGE FLIGHT CONTROL

7.3.1.1 PITCH PLANE

Pitch plane deviations were small through-
out S-1I stage flight with maximum values observed in
the Mach 1 to max Q region. The maximum deviations
in the control parameters were:

Range Time

Parameter Magnitude

(sec)
Attitude Error (deg) 0.9 54,5
Angle-of-Attack (free stream)
(deg) -1.0 75,0
Angular Rate (deg/s) -1.2 64, 2
Normal Acceleration (m/s?) -0.8 75.0
Actuator Position (deg) -1.6 75.0
Angle-of-Attack Dynamic
Pressure Product
(deg-N/cm?) 3.7 75. 0

This is the first flight in which the digital com-
puter provided the pitch program. It utilized a five-
term polynominal to generate the required vehicle
pitch rate, The vehicle pitch commands were properly
executed by the guidance and control system. The ve-
hicle began to pitch over at 13. 5 seconds; the program
continued until 136.6 seconds where it was arrested
at 66,75 degrees from the launch vertical.

First mode slosh frequencies (0.7 to 1.5 Hz) of
the S-1 propellants are indicated by the pitch angular
rates during S-I stage flight. These slosh forces are
largest during the max Q region; the resulting angular
rates are + 0. 3 deg/s.

The pitch program was based on a zero wind pro-
file. The largest pitch wind was 12 m/s observed
during the max Q region. A wind velocity change of
4,7 m/s over a 650 m altitude increment caused the
maximum angle-of-attack of 1 degree at 75, 0 seconds
(74, 4 km altitude).

Figure 7-2 shows comparisons of the rawinsonde
and angle-of-attack winds and angles-of-attack. The
angle-of-attack winds which were calculated using the
Q-ball angle-of-attack measuring system are in good
agreement with rawinsonde winds, During the maxi-
mum dynamic pressure region (60 to 80 sec), the
angle-of-attack determined from rawinsonde winds is
within 0.2 degree of that measured from the Q-ball
and the fin angle-of-attack meters, From 100 to 115
seconds, the measured angle-of-attack and that cal-
culated using - rawinsonde winds agree within 0.5 de-
gree, These parameters indicate good operation of
the measuring devices in the region of substantial dy-
namic pressure.
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The performance of the control system was sat-
isfactory; however, there is evidence of a significant
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disturbing moment in both the pitch and yaw planes.
A six-degree-of-freedom (6-D) simulation of the te-
lemetered values, made by using Q-ball angle-of-
attack winds and an external nose down moment, is
compared with the flight data in Figure 7-3. This
moment has a maximum value of 698, 000 N-m at 76
seconds and appears to have a shape related to the dy-
namic pressure. The cause of this moment is not
known at this time. Agreement between the 6-D sim-
ulation andthe telemetered values is within 0, 2 degree
in attitude error, 0.2 deg/s in angular rate, 0.15 de-
gree in actuator position, and 0, 2 degree in angle-of-
attack during the max Q region,
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7.3.1.2 YAW PLANE

The performance of the control system in
the yaw plane was satisfactory, The maximum con-

trol values were:

Range Time

Parameter Magnitude (sec)
Attitude (deg) -0.6 72.1
Angle-of-Attack (free stream)
(deg) 1.4 67.5
Angular Rate (deg/s) -0.3 68,7
Normal Acceleration (m/s? 0.7 67.1
Actuator Position (deg) -0.9 77.0
Angle-of-Attack Dynamic
Pressure Product
(deg-N/cm?) 5.1 67.5
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The rawinsonde and angle-of-attack yaw plane
winds are shown in Figure 7-4. The maximum wind
(15 m/s) is only about 1/5 of the 95 percent design
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The yaw attitude, angular rate, and average ac-
tuator position shown in Figure 7-5 indicate that per-
turbations in the yaw plane were very small., The
peak yaw attitudes which occur during the max Q re-
gion are due to wind shears,
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The vehicle appears to be trimming for a lateral
CG offset towards Fin IV, At 140 seconds the attitude
deviation is equivalent to a CG offset of 1.8 cm (0.7
in.), which is half the magnitude but in a direction
opposite to that predicted. No explanation has been
found for this minor deviation,

An external yaw moment is required in addition
to the angle-of-attack winds to simulate the teleme-
tered control deviations., This required external
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moment has a maximum value of 420,000 N-m at 74
seconds, Agreement between the 6-D simulation and
the flight data is within 0.1 degree in attitude, 0.1
deg/s in angular velocity, 0.1 degree in actuator po-
sition and 0.3 degree in angle-of-attack during the
max Q region,

7.3.1.3 CONTROL DESIGN PARAMETERS

A comparison of total actuator deflection,
angle-of-attack, and dynamic pressure angle-of-attack
product between the flight results of SA-7 and Block
II control system design criteria values is shown in
Figure 7-6, The design value is based on a 95 percent
non-directional wind velocity with 20 shears and 11
percent variation in aerodynamics, Two o variations
in propulsion system performance and mass charac-
teristics are also considered in arriving at the design
values, The SA-7 data are similar to those of SA-5
and are well within the design values.
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7.3.1.4 ROLL PLANE

Immediately after liftoff SA-7 rolled coun-
terclockwise toa steady state value of 0. 2 degree (see
Fig. 7-7). This indicates an S-I thrust misalignment
in roll equivalent to 0. 3-degree engine deflection for
each control engine, At 11,35 seconds the required

Roll Attiiude Error (deg)

A

Angular Rate Roll (1U Control Rate Gyrol (dey/ s)

11—

: ML'

ECO OECO

[ [ 1]

10 110 ur 19 1 !
i sffects due b unsymemstricat ' l

(+ OW Viewsd From Resr)

Asrodynam|
S-1 urbine exhaust duct
* 6-0 Slmulation

1 - n_ X
Ranga Time (sec)

T T I

Average Acuzior Position (deg)
1

¥ ’,.“ I
Gl ® % & gk.‘r,g mg(wgn o 110 10 1% 1ad

FIGURE 7-7. ROLL ATTITUDE, ANGULAR RATE
AND AVERAGE ACTUATOR POSI-

TION

launch-to-flight azimuth roll maneuver program be-
gan, rotating the vehicle's pitch and yaw axes into
coincidence with the stabilized platform axes. The
15-degree roll program, executed at a rate of 1 deg/s,
was completed at 26, 4 seconds (Fig. 7-8). On pre-
vious Block II flights, the ST-90S stabilized platform
was utilized to generate the ro}l attitude error signal
to roll the vehicle from the 90-degree launch azimuth
to the 105-degree flight azimuth, On SA-7, the digital
computer issued a constant command rate to the Xy
resolver to cause the ST-124 system to generate the
roll attitude error signal used to accomplish the ma-
neuver,

Roll Command and Roll Attitude (deg)

0 4 8 12 16 20 24
Renge Time {sec)

FIGURE 7-8, ROLL ATTITUDE DURING ROLL

MANEUVER

The roll axis maximum control values measured
during S-I propelled flight were:

Parameter During Rell Maneuver After Roll Maneuver
(Magnitude)(Range Time){(Magnitude)(Range Time}
Attitude Error (deg) 1.3 13.9 -3.5 59.5
Angular Rate (deg/s) -1.2 15.1 0.7 62.7
Engine Deflection Roll -0.2 15.9 -0.5 60.0

(deg)
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The aerodynamic roll moment observed on all
previous Block II flights was observed on SA-7, This
moment is due to the aerodynamic flow effects asso-
ciated with the turbine exhaust ducts at the tail of the
S-1 stage, The resulting attitude error reached a
maximum value of 3.5 degrees CCW (viewed from
rear) at 59,5 seconds. The comparison of the calcu-
lated roll moment coefficient with the wind tunnel
measurements is generally consistent with the pre-
vious Block II flight results (Fig. 7-9).

|2 Boll Attitude Errar (Due to Aerodynamic Moment} {deg)

Roll Moment Coefficient, {Turbine —— Wind Tunnel Reoults
0.024  Exhaust Dycta)

= Mo ©  SA-7 Flight Resulis
qAd
i SA-5
Sa.¢ Flight Results
- 0.020
0.016
0,012
-0.008
0.004
0o bopm

0.6 Lo 14 1.8 2.2
Mach Number

FIGURE 7-9, ROLL ATTITUDE ERROR AND ROLL
MOMENT COEFFICIENT

AtIECOthe roll attitude error changed from 0. 2-
degree to 0. 4-degree CW (viewed from rear) indica-
ting an average thrust misalignment in roll of 0. 06~
degree CW per control engine and 0, 03-degree CCW
per fixed engine. These angles were only about 10
percent of the SA-6 values,

On SA-6 the roll gain coefficient was reduced by
50 percent after 110 seconds, After the flight data
were analyzed, it was decided to keep the roll gain
coefficient constant throughout S-I burn on SA-7 to
prevent the possibility of the control system satura-
ting under large roll moments. This 100 percent in-
crease in the static roll moment capacity after 110
seconds reduced the roll angles on SA-7 by 50 per-
cent,
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7.3.2 S-IV STAGE FLIGHT CONTROL

The performance of the S-IV-7 flight control
system was satisfactory. The pitch, yaw and roll plane
parameters are presented in Figures 7-10, 7-11 and
7-12 respectively, A large roll deviation developed
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immediately following S-I stage separation due toa
large S-IV ullage rocket misalignment (see Section
IX). During the 2-second period from separation un-
til the S-IV stage control system became cffective,
the roll attitude error increased to 5.9 degrees CW
(viewed from rear). The S-IV control system elimi-
nated the roll attitude error rapidly, with very little
overshoot, by introducing a maximum angular roll
rate of -5,6 deg/s. No control disturbances resulted
from LES tower jettisonatseparation plus 12 seconds,

The control system responded properly to guid-
ance initiation, The initiation of yaw plane delta-
minimum path guidance at 165,74 seconds caused the
vehicle yaw attitude to buildupto 5.6 degrees at 174, 0
seconds and the roll attitude to reach 0.9 degree at
168. 6 seconds (Fig. 7-13). These vehicle attitudes
resulted from the control system's response to the Xy
and Xy steering commands which were generated by
the digital computer to correct out the cross range
velocity and displacement deviations of -12.2 m/s and
-460 m which existed at guidance initiation, The peak
attitude errors sensed by the ST-124 platform were
-2, 4 degrees in yaw at 168, 4 seconds and 0.6 degree
inrollat 168. 9 seconds. The yaw planc steering com-
mands were reduced to near zero about 85 scconds
after guidance initiation,

Flight Azimuth
teering

o \Command

“"YlAngle

Vehicle
Axis

Yaw Attitude {9y} and Attitude Error (idy) (deg)
b
2

/ Y
{+ Nose Right}

0
l 160 170, 180 190 200 210 220 230
-2 Range Time (sec)
Guidance ae
Initiation Y

Steering Commands (deg)

170 180 190 200 210 220 230
Range Time (sec)

Roll Attitude {¢R) and Attitude Error {(uop) (deg)
! ! .
| ¥/~
0 160 170 180 190 200 210 220 230
, ] Range Time (sec)
- aeq

FIGURE 7-13. VEHICLE RESPONSE TO YAW
PLANE GUIDANCE INITIATION
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Due tothe higher than predicted S-I stage propul-
sion system performance, the space-fixed velocity at
guidance initiation was 32 m/s above nominal, The

digital computer issueda pitch plane stecring correc-
tion of 4,5 degrees (nose down) from nominal to ad-
just the flight path for the excess velocity condition,
A maximum pitch attitude error of 2.3 degrees at
169, 2 scconds resulted from guidance initiation ( Fig,
7-14), At guidance initiation, the pitch steering com-
mand was 66,75 degrees: it then increased to 75 de-
grees at 188 seconds to generate the vehicle nose down
steering correction mancuver., Some 6 seconds after
the initiation of pitch plane path adaptive guidance, the
steering misalignment correction term (X7 ,) was in-
troduced to compensate for off-nominal conditions in
the pitch plane (offset CG, thrust variations, ete.).
The Xz, term increased from about 1 degree at 175
seconds to 1.4 degrees at the end of path guidance.
(The predicted maximum value for the steering mis-
alignment correction term is about 2,5 deg).

Pitch Attitude Error (reg)

3 Guidance
Initiation
2 b9, (+Nose Up}
1
N —
g

150 160 | 170 180 190 200 210 220 230
Range Time tsec)

Pitch Attitude (tDp) and Steering Command (x ;) (deg)

76
Xz .
74 -
Guidance 0
72 Initiation Launch
| )
Vertical Vehicle
| | X Axis
7
70 : w_z\ NET-UP
R \
~ N
6 L
[ .
¢ = Resolver Chain Error
66
64

150 160 | 170 180 190 200 210 220 230
Range Time (sec}

FIGURE 7-14, VEHICLE RESPONSE TO PITCH
PLANE GUIDANCE INITIATION

The S-IV stage experienced maximum thrust vec-
tor misalignments of approximately 0.05 degree in
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pitch and 0, 02 degree in yaw, Due principally to the
increasing CG offset during S-IV burn, the pitch atti-
tude error increased from 0,45 degree nose up at 250
seconds to 0.85 degree nose up at S-IV cutoff; the
mean yaw attitude error increased from 0, 45 degree
nose left at 250 seconds to 0.67 degree nose left at
S5-IV cutoff, These values agree very closely with the
corresponding preflight predictions (basedon CG off-
set and individual engine thrust levels) of 0,47 degree
and 0. 73 degree in pitch and 0., 49 degree and 0. 69 de-
gree in yaw., Both the pitch and yaw attitude errors
were larger than those experienced on S-IV-6; how-
ever, these increases were predicted because the re-
moval of the backup helium bottles introduced larger
than normal CG offsets. The mean roll attitude er-
ror was less than 0, 1 degree through S-Iv flight,

Engine deflections, except for the period required
todamp out the roll deviation at separation, remained
small throughout flight, After the guidance initiation
transients were controlled out, the maximum engine
gimbal angle required was only 0.5 degree,

Vehicle steering commands were arrcsted when
the space-fixed veloeity vector computed by the guid-
ance system reached 7760 m/s (Fig, 7-15). This oc-
curred about 2 seconds before S-IV guidance cutoff
command. Due to the increasing yaw attitude error
during S-IV burn, the measured cross range velocity
reached a steady-stage value of -0, 4 m/s (left of the
reference trajectory plane) and the cross range dis-
placement was about twice nominal at S-IV cutoff,
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FIGURE 7-15, PITCH STEERING COMMAND

The angular rates resulting from steering arrest
and S5-IV engine shutdown were nearly zero, At the
end of S-1V thrust decay the angular rates were -0, 03
deg/s in pitch, -0.04 deg/s in yaw and 0, 06 deg/s in
roll.
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7.4 FUNCTIONAL ANALYSIS
7.4.1 CONTROL SENSORS

7.4.1.1 CONTROL ACCELEROMETERS

Two body-fixed control accelerometers lo-
cated in the Instrument Unit provided partial load re-
lief in the pitch and yaw planes between 35 and 100
seconds, Peak lateral accelerations of 0.8 m/s? in
pitch and 0.7 m/s? in yaw were measured near max
Q. Figure 7-16 shows the measured lateral accelera-
tions transferred to the vehicle CG. The following
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FIGURE 7-16.

frequencies were evident during some portion of S-I
propelled flight when accelerometer control was ac-
tive:

Frequency (Hertz) Cause
1.2 S-1 propellant sloshing
3.7-4.5 Vehicle second bending mode
5-6 Vehicle first torsional mode

The maximum RMS amplitude of the noise superim-
posed upon the signal was about 0.1 m/s The accel-
crometers functioned satisfactorily throughout the
flight,
7.4.1.2 ANGLE-OF-ATTACK SENSORS

Pitch and yaw angle-of-attack components
were measured by a Model F16 Q-ball angle-of-attack
meter mounted on the tip of the Launch Escape Sys-
tem ( LES) and by fin mounted Edcliff angle-of-attack
meters mounted on booms at the tips of Fins I and II.
Both type meters indicated good comparisons with the
computed angle-of-attack (Fig, 7-17). This com-
parison included pitch misalignments of 0.0 degree
for Q-ball and 0. 3 degree for the fin mounted meters
and yaw misalignments of 0, 45 degree for -ball and
0.25 degree for the fin mounted meters. After
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adjusting for the upwashfactor, the fin mounted angle-
of-attack data were in good agreement with the Q-ball
from 20 to 92 seconds in pitch, -and from 20 to 120
seconds in yaw, During the max Q region, the maxi-
mum pitch angles-of-attack indicated were -1. 0 de-
gree (Q-ball) and -0.9 degree (Fin Meters). Maxi-
mum yaw angles-of-attack indicated were 1, 4 degrees
(Q-ball) and 1, 3 degrees ( Fin Meters),

7.4.1.3 RATE GYROS

The SA-7 vehicle was instrumented with
three rate gyro packages:

1, A +10 deg/s range, 3-axis, control rate gyro
package, located in the Instrument Unit, was used to
provide pitch, yaw and roll angular rate information
for vehicle control throughout flight, A control sig-
nal processor is used with the gyros to distribute ac
and dc power to the gyro package and to demodulate
the ac rate signals for input to both the flight control
computer and the telemetry system,

2, Thesecond rate gyropackage is a3-axis, +10
deg/s range, self contained control type unit which is
being flown for developmental purposes and is located
in the thrust structure area of the S-I stage,

Analysis of the pitch and yaw rate gyros from both
+10 deg/s packages indicated that the vehicle was re-
sponding to the first four bending mode frequencies

CALCULATED UPWASH FACTOR FOR FIN MOUNTED ANGLE-OF-ATTACK METERS

(2.0 to 2,2 Hz, 3.7to 4.5 Hz, 4,1to 5,3 Hz and 6, 3
to 9,0 Hz) during S-I burn, The two roll rate gyros
responded to the first torsional mode frequency (3.1
to 6.7 Hz) during S-I propelled flights, The rate gy-
ros did not measure any appreciable bending or slosh-
ing during S-IV burn., The performance of the rate
gyro system used in controlling the vehicle was sat-
isfactory,

The angular rate data telemetered from the con-
trol rate gyro system inthe Instrument Unit were cor-
rect upto LOS at Pretoria, South Africa, (40 min). At
Carnarvon, Australia, AOS,the angular rate informa-
tion was no longer usable due to the depletion of the
short life battery affecting the F6 telemetry system,
See Section XII for the detailed analysis of this condi-
tion,

7.4.1.4 HORIZON SENSORS

Four horizon sensors were flight tested on
SA-7, They were attached to the outside skin of the
Instrument Unit and oriented as shown on the sche-
matic in Figure 7-18, Except for a brief period dur-
ing the first orbit, only sensor 1 performed satis-
factorily. Sensors 3and 4oscillated randomly between
0and 5 degrees and 0and 1 degree respectively, while
sensor 2 swept over to its stop at a 65-degree deflec-
tion angle and remained there throughout most of the
flight, Sensor 1 locked on the horizon at 228, 2 sec-
onds and remained locked on until the horizon passed
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from its field of view at 794 seconds. Figure 7-19
compares the telemetered sensor angle from sensor
1 with the calculated angle for this sensor determined
from the ST-124 attitude angles and the vehicle alti-
tude.
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FIGURE 7-19. HORIZON SENSOR ANGLES

Figure 7-19 also shows the performance of sen-
sor 1 immediately after orbital insertion. However,

with only one sensor operating, the attitude angles
cannot be determined,

Horizon sensor data were received at Ascension
from 1230 to 1711 seconds. At 1689 seconds, sensors
1, 2, and 3 locked on and tracked the horizon until
telemetry loss at 1711 seconds. Figure 7-20 shows
the pitch and roll attitude angles computed from the
horizon sensor angles. The rate of change of these
angles agrees very well with rate gyro information
during this time. The average calculated altitude from
the sensors (Fig. 7-20) agrces with the altitude deter-
mined from orhital tracking.
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7.4.1.5 RESOLVER CHAIN ERROR COMPARISON
The total resolver chain error in any axis
is the angle difference between the output angle gen-

erated by the ST-124 and the input angle commanded
by the digital computer.
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A comparison between predicted and calculated
pitch axis resolver chain error is shown as a function
of the pitch command resolver angle (Xz) in Figure
7-21. The calculated resolver error was obtained by
subtracting the calculated pitch attitude error from
the telemetered attitude error. The calculated atti-
tude error was obtained from a vector balance using
the guidance system measured space-fixed accelera-
tion, the body-fixed pitch and longitudinal accelera-
tions, and the telemetered pitch steering command
(Xz). Predicted and calculated values of pitch axis
resolver error are in good agreement for both $-T and
S-IV flight stages. The effects of this crror on the
guidance are discussed later in this section,
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FIGURE 7-21. CALCULATED AND PREDICTED
PITCH AXIS RESOLVER CHAIN
ERROR

The maximum predicted resolver chain errors
in the yaw and roll axis were less than 0.1 degree;
therefore, a comparisonbetween predicted and calcu-
lated errors is not practical.
7.4.1.6 FLIGHT CONTROL COMPUTER AND
ACTUATOR ANALYSIS

The commands issued by the control com-
puter to position the actuators were correct through-
out the entire controlled flight period of both stages.
These commands were well within the load, gimbal
rate and torque capabilities of the S-I and S-IV actua-
tors. Except for near maximum S-IV actuator deflec-
tions at separation, due to the roll deviation, the en-
gine gimbal angles were quite small throughout flight,

The S-1 stage telemetered attitude errors, angu-
lar velocities, and control accelerometer signals were
analyzed with an open loop analog simulation of the
control filters. The calculated values werc within 0.2
degree of the telemetered data, This small error is
within the range of telemetry errors.

The following tabulation presents a summary of
the maximum measured gimbal actuator flight data:

o oy

S-1 Stage (maximum actuator deflection was 1.7 deg)

Event
Parameler Type of Data Liftoff Max Q QECO
Gimbal Rate Mcasured 1.0 1.5 0.5
(deg/s) Design Limit 17
Torque Measured 6,200 9, 400 15,500
(N-m) Design Limit 29,200
$-1V Stage (maximum actuator deflection was 3. 0 deg)

Event

Parameter Type of Data Ignition Cutof{
Gimbal Rate Measured 4.5 0.5
(deg/s) Design Limit 19
Torque Measured 556 556
(N-m) Design Limit 1,180

The performance of all S-1and S-IV stage actuators
was satisfactory.

7.5 PROPELLANT SLOSHING

7.5.1 S-1 POWERED FLIGHT PROPELLANT
SLOSHING

S-I stage sloshing was monitored by means of
differential pressure measurements in three of the
nine propellant tanks { LOX tank 02, fuel tank F4, and
center LOX tank) similarto the previous Saturn Ive-
hicles. Themaximum slosh amplitudes (peak to peak)
observed on SA-7 were 15 cm in all the S-I tanks and
7 em in the S-IV tanks during max Q (Figs. 7-22 and
7-23). All observed slosh freqhencies followed the
predicted first mode except the center LLOX tank fre-
quency which was slightly higher than predicted.

7.5.2 S-IV POWERED FLIGHT PROPE LLANT
SLOSHING

7.5.2.1 LOX SLOSHING

The LOX sloshing amplitude and frequency
are shown in Figures 7-24 and 7-25. S$-IV-7 LOX
sloshing amplitudes correlate well with those calcu-
lated on previous flights, except for the buildup in
amplitude during the latter portion of S-IV-5 flight,
This difference resulted from the change of actuators
that took place after the S-IV-5 flight, The non-
linearities in the actuators on S-IV-5 tended to excite
the LOX second mode sloshing, This tendency re-
sulted in a large amplitude indication, since the loca-
tion of the PU probe makes it extremely sensitive to
second mode sloshing,
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The LOX sloshing frequency data agreed well
with the S-IV-6 flight first mode frequency data and
with the theoretical first mode frequency curve, The
higher frequencies seenon S-IV-5 as explained above,
were a result of non-linearities in the actuators and
in the location of the PU probe,
7.5.2.2 LH, SLOSHING
The 8-IV-7 LH, sloshing amplitude and fre-
quency are shown in Figures 7-24 and 7-25. The LH,
sloshing amplitudes agree well with those observed
on previous flights. The sloshing frequencies were
nearly identical to S-IV-5, and S-IV-6 first mode
flight data and to the theoretical first mode frequen-
cies. The higher mode frequencies seen on the S-IV-6
flight were not evidenced on S-IV-7.

7.6 GUIDANCE SYSTEM PERFORMANCE

Although the overall performance of the ST-124
guidance system (ST-124 stabilized platform and
electronic box, guidance signal processor and digital
computer) was generally satisfactory, certain devia-
tions were observed which required further investiga-
tion. Detailed analysis of the telemetered data from
the guidance system revealed that:

1. The predicted and actual guidance intelli-
gence errors were in wide disagreement,

= CONRPDENT i
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FIGURE 7-25, S-IV LOX AND LH, SLOSHING
PARAMETERS
2. The actual space-fixed velocity vector at S-
IV cutoff was 1.8 m/s larger than the digital computer
value of 7806.0 m/s (identical to velocity presetting).

3. The digital computer's gravity term was
slightly in error before liftoff.

4, The digital computer sequencing discretes
were issued with a small time delay,

5. Minor velocity differences existed between
the accelerometers and the digital computer,

The detailed analysis of these deviations are presented
in subsequent parts of this section,

7.6.1 GUIDANCE INTELLIGENCE ERRORS

Guidance intelligence errors are defined as
the differences between the range, altitude and cross
range inertial velocity components measured by the
ST-124 accelerometers andthe corresponding param-
eters calculated from tracking data,

The sources of the guidance intelligence errors
may be divided intotwo general categories, component
errors and system errors. The component errors,
scale factor and bias, are those which are attributed
directly to the guidance accelerometers, The system
errors { contributed by the stabilized element on which
the accelerometers mount) are: gyro drift rates (con-
stant and g dependent), platform leveling errors, non-
orthogonality of the accelerometer measuring direc-
tions and misalignment of the platform flight azimuth,
With the exception of the leveling and azimuth errors,
the above data were obtained by laboratory measure-
ments several weeks prior to launch, The leveling
and azimuth deviations were determined from data
which were available only at liftoff.

The predicted ST-124 inertial velocity errors for
the SA-7 flight test were based on laboratory calibra-
tion of the ST-124 stabilized platform system (Table
7-I). Three o deviation values for accelerometer
leveling andazimuthalignment were used for the pre-
diction, The ST-124 system 3¢ tolerances were used
to develop an error band for each velocity component
to serve as a standard for comparison with the actual
inertial velocity errors.

The ST-124 system error data used to calculate
the predicted and actual SA-7 guidance intelligence
errors are presented in Table 7-1. Note that there are
two different values listed for platform leveling er-
rors: the smaller values were calculated fromteleme-
tered accelerometer data prior to S-I ignition and the
larger values were observed at liftoff.

The telemetered ST-124 accelerometer (inertial)
velocities measured from vehicle first motion were
compared with the corresponding velocity components
determined from tracking. The differences between
the telemetered velocity data and tracking are listed
in Table 7-1I for the principal event times. In each
component, the velocity differences are much larger
than those calculated from the ST-124 3 o devia-
tions,
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TABLE 7-1,

SIGNIFICANT GUIDANCE INTE LLIGENCE ERRORS
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TABLE 7-1II,

COMPARISON OF INERTIAL GUIDANCE VE LOCITIES

Event Type of Data Total Velocity Range Velucity Altitude Velocity Cross Range Velodity
Range Time Actual Vel, Diff, Actual Vel, Diff Actual Vel. Diff. Actuat Vel, Diff
(sec)

Accelerometer 3384.2 2282 2498.8 -10.3

IECO Tracking 3384.5 2283 24982 -13.¢4

141.536 Precalculated 3332.8 2261 2448 .4 -1.9
Accel - Track -0.30 1.0 a.6 .9
Track - Precal 51,7 2.2 49 8 -5.9
Accelerometer 3558.6 2456, 2575.2 -11.3

OECO Tracking 3559.0 2457, 25747 RNt

147,636 Precalculated 3505.6 2434, 25221 B4
Accel - Track -0.3 -1.0 0.5 2.8
Track - Precal 33.4 22,2 52.6 -5.7
Accelerometer 3650.7 23467 2615.7 -12.3

Guidanve Tracking 3651.1 23477 2615.2 -15.3

Initiation Precalculated 3600.5 25287 2563.0 -9.5

165,740 Accel - Track -0.4 -1.0 0.3
Track - Precal 50.6 18.¢ 52.2
Aecelerometer HLRT 2 76291 2970.9 =004

s-1v Tracking % #187.1 7630, 2 1967.8 -5.1

Cutaf{ Precalculated 4186.9 7628.13 2972.3 0.2

621,375 Accel - Track cot -1. 3.1 4.7
Track - Precal 0.2 1.9 4.5 4.9
Accelerometer 4189.6 7631, 2970.4 -0.4

Orbital Tracking * 8189.5 7632.9 2967, 4 -5.1

Insertion Precaleulated 51883 7629, 2972.0 -0.2

631.373 Accel - Track 0.1 -0 3.4 4.7
Track - Precal 1.1 3G Sh L

*Based on Orbital Tracking.

The guidance intelligence errors predicted from
the laboratory data fall within the limits of the velocity
errors calculated from the 3 o tolerances. This in-
dicates the ST-124 system errors much larger than
those resulting from the 3 o deviation must have de-
veloped prior to liftoff, Figure 7-26 also shows the
residual velocity errors remaining after the teleme-
tered accelerometer data were corrected for the fol-
lowing measured errors:

Attitude Accelerometer Non-
orthogonality

Platform Azimuth Alignment

Platform Leveling Errors
About Z axis
About X axis

-0.008 deg
0. 004 deg

-0, 030 deg
0. 050 deg

The residual velocity errors (A ki =-0.5m/s;

Ai(i = 0.5 m/s; A .Zi = 0.2 m/s) indicated by the
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cross-hatched area in Figure 7-26 are within the
tracking data accuracy (+ 0.5 m/s). Table 7-1lists
additional corrections that would further reduce these
residual velocity errors,

7.6.2 GUIDANCE SYSTEM PERFORMANCE COM-
PARISONS

The digital computer's measured space-fixed
velocities at S-IV cutoff are compared with tracking
and the precalculated trajectory data in Table 7-1IL
The same data, corrected for the ST-124 errors de-
termined after flight and the computer initialization
errors, are included in the comparison,

The difference between the total space-fixed vec-
tors for the measured and adjusted computer values
(-2.4 m/s) is about evenly divided between the range
velocity and altitude velocity errors. Even though the
magnitude of the cross range velocity error is large
its coffcet on the total velocity is virtually zero. The
computer's udjusted total velocity agrees with the
tracking data within the tracking data tolerances of
£ 0.5 m/s. The computer's measured space-fixed
total velocity agrees exactly with the precalculated
velocity (identical to cutoff velocity presetting) which
indicates that the computer functioned as expected
since the maximum predicted implementation scheme
dispersion was + 0. 05 m/s. The total velocity differ-
ence betwecen the measured computer data and track-
ing (1.8 m/s) is much larger than the maximum pre-
dicted error of 0.4 m/s (based on the laboratory
measured ST-124 errors and the maximum predicted
computer initialization errors) principally due to the
large ST-124 leveling errors (see Ref. 9).

In Table 7-IV, the measured and the adjusted digi-
tal computer space-fixed velocities at orbital inser-
tion are compared with the corresponding tracking
and precalculated trajectory data. The adjusted com-
puter data have the ST-124 system and the computer
initialization errors removed.

The precalculated space-fixed velocity compo-
nents and total velocity at orbital insertion were based
upon a total velocity gain of 1.5 m/s due to S-IV thrust
decay impulse from the start of S-IV engine shutdown
signal, However, if the correct predicted cutoff im-
pulse (from guidance cutoff command to the end of
thrust decay) is used, the precalculated total velocity

TABLE 7-1Il. COMPARISON OF SPACE-FIXED VELOCITIES AT S5-IV GUIDANCE CUTOFF

(621, 375 SEC RANGE TIME)

Total Range Altitude Cross Range
Data Source Total Velocity Range Velocity Altitude | Velocity Cross Range | Velocity
Velocity | Difference Velocity | Difference Velocity | Difference Velocity Difference
(m/s) (m/s) (m/s) (m/8) (m/8) (m/8) (m/8) (m/8)
Computer 7806.0 7291.7 -2785.2 -86.0
(measured)
Computer 7808.4 7293.4 -2787.4 -90.6
(adjusted)
Tracking * 7807.8 7292.5 -2787.9 -90.2
Precalculated 7806.0 7297.3 -2770.5 -86.2
Computer -2.4 2,2 4.6
(meas-adjusted)
R
Computer-Tracking 0.6 0.5 -0.4
(adjusted)
Tracking-Precalculated 1.8 -17.4 4.0

*Based on Orbital Tracking.
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TABLE 7-IV, COMPARISON OF SPACE-FIXED VE-
LOCITIES AT ORBITAL INSERTION
(631, 375 SEC RANGE TIME)
Total Range Altitude Cross Range
Data Source Velocity Velocity Velocity Velocity
(m/8) (m/®) {m/8) (m/®)
Computer 7808.7 7260.8 -2872.0 -85.2
(measured)
Computer 7810.9 7262.3 -2874.2 -89.8
{adjusted)
Tracking (Orbital) 7810.4 7261.6 -2874.7 -8%.4
Precalculated 7807.5 12654 -2857.3 -85.5
Computer -2.2 -1.5 2.5 4.6
(meas-adjusted)
Computer-Tracking 0.5 0.7 0.5 -0.4
(adjusted)
Tracking-Precalculated 2.9 -3.8 17.4 -3.9

would be 7808.8 m/s at orbital insertion; the pre-
dicted total velocity increase between cutoff and in-
sertion (2.6 + 0.4 m/s) would then agree favorably
with the tracking velocity difference of 2.6 m/s.

Using this value for the velocity increase, the
difference at insertion between the adjusted precalcu-
lated velocity and the tracking data is 1.8 m/s, which
is in agreement with the corresponding difference at
S-1IV cutoff,

The performance of the yaw plane delta-minimum
guidance scheme is shown in Figure 7-27. The cross
range velocity and displacement (-12, 2 m/s and -460
m) at guidance initiation were reduced to minimum
values at about 400 seconds. The increase in all pa-
rameters (velocity, displacement, steering command,
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Guiance initiation
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GUIDANCE PARAMETERS

etc.) after this time is due to the rapidly increasing
vehicle lateral CG offset (from -0. 097 cm at 400 sec
to -0.211 cm at S-IV cutoff). Due primarily to this
condition, the cross range velocity and displacement
increase to -0.3 m/s and -254 m at S-IV cutoff.

7.7 GUIDANCE SYSTEM HARDWARE

7.7.1 GUIDANCE SIGNA L PROCESSOR AND DIGI-
TAL COMPUTER ANALYSIS

The overall performance of the guidance sys-
tem hardware was satisfactory. However, the follow-
ing minor deviations were observed:

1. Altitude Velocity Error

The time difference between physical liftoff
of the vehicle (first motion) and the sensing of elec-
trical liftoff command by the digital computer was
0.210 second. This time difference resulted in a
computer inertial and gravitational altitude velocity
error of 2,5 m/s throughout flight, However, the
computer program Is so written that any such error
will not carry through to the space-fixed velocity and
consequently guidance accuracy is not affected. The
space-fixed altitude velocity is not affected because it
is the algebraic sum of the inertial and gravitational
velocity values both of whlch contam the 2, 4 m/s er-
ror and the error cancels [ Y —(Y - AYl) - (Y
AYy .

2. Computer Initialization Errors

Small constant velocity differences exist be-
tween the accelerometer data and the inertial velocity
values measured by the digital computer, The
magnitudes of these errors are constant throughout
flight at -0.2 m/s in Xl, 0.3 m/s in Yl, and 0.1 m/s
in Z;. The X and Z1 errors were the result of small
and unpredlctable (and,therefore, uncorrected) plat-
form leveling errors of about -0. 004 degree for the
range accelerometer and -0. 006 degree for the cross
range accelerometer. Two-thirds of the total accu-
mulated error in 3'(1 resulted from the computer grav-
ity term used for pre liftoff computations being sl1ghtly
low (-9.788397 m/s® instead of -9.790552 m/s% . The
slight gravity term error has been corrected in the
computer program for future flights. The remaining
initialization errors (-0,2 m/s, -0.1 m/s and 0.1
m/s) all fall within the predicted range (see Ref. 9).

3.  Bit-by-Bit Computer Data Analysis
The Bit-by-Bit comparison program was used

to evaluate the operation of the ASC-15 digital com-
puter equipment on SA-7 flight, This analysis is made
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to confirm the correct operation of the computer and
it does not check the validity of the flight program.
Due to the nature of the Bit-by-Bit analysis program,
all of the computer telemetry was not examined. = All
navigation and guidance quantities were examined.
Minor looptelemetry data, which include accelerome-
ter readings and mode codes, however, were not ex-
amined.

The total number of computer words telemetered
between liftoff and entry into the cutoff loop was
54,883. Of thisnumber, 53,250 or 97.25 percent were
available for examination by the Bit-by-Bit program,
The remainder was lost duetotelemetry blackout dur-
ing staging and second stage ignition. The Bit-by-Bit
program examined 62 percent of the 53, 250 telemetry
words, The remaining information was minor loop
telemetry. Thus, 60.5 percent of the total flight com-
puter telemetry (54,883 words) during the time inter-
val considered was examined in this analysis. An es-
timated 2, 35 percent of the telemetry was lost due to
dropouts, This number includes the data lost in the
RF blackout during staging.

From this analysis, it was concluded that the
ASC-15 flight computer and flight program operated
correctly during flight,

4, Sequencing Time Errors

The digital computer issued all its sequenc-
ing command functions satisfactorily. However, there
were slight time delays in these functions to both the
S-I stage and IU flight sequencer systems, The total
delay between the expected and actual sequencing func-
tion times were 0.078 second to the S-I stage and
0.084 second to the IU. The breakdown of the sources
contributing to these total delay times is:

Source of Time Delay Flight Sequencer Flight Sequencer

(S$-1 Stage) (sec) (1U) (sec)
Computer Senses Liftoff 0.014 0.014
Computer Program 0.040 0.052
Networks 0.010 0.010
Telemetry 0.014 0.008
Total Time Delay 0.078 0.084

The reason for these delays is that the computer can-
not send out discrete signals except during a minor
loop operation which is 0. 100 second long. The com-
puter program documentation didnot consider this or
the delay in sensing liftoff signal., On SA-9 and sub-
sequent vehicles, the computer program documenta-
tion will reflect these considerations plus the electri-
cal network constant delay time, The telemetry delay
time is a function of telemetry channel assignment and
will vary from about 0, 005 to 0. 015 second,

During the first orbit while the vehicle was over
Ascension Island (LO + 1/2 hr) a test was made to
demonstrate the capability of loading information into
the digital computer via the digital command system.
The telemetered computer information verifies that
the loading operation was completely successful.
Thirty 25 bit data words accompanied by 30 control
words (16 bits each) were loaded into the computer
and telemetered back to the ground correctly. The
verification portion of the load-readout routine was
then performed and the 30 data words telemetered
correctly again,

7.7.2 ST-124 STABILIZED PLATFORM SYSTEM
HARDWARE ANALYSIS

Although the ST-124 system functioned prop-
erly detailed analysis of hardware performance re-
vealed the following deficiencies:

1. The stabilized platform developed large lev-
eling errors about the pitch and yaw axes between S-1
engine ignition and liftoff (Fig. 7-28).

Piatform Leveling Error Abbut X Axis (Yaw)

Angie {deg)
0. 10 8-1 Ignition Tivst ll:::::“
. J HBolddown Period ——.NLQ[ f;:;ol:::““ Error
Y aad
' t Initial Leveling Eri ) (14-
. ‘ -0.006 deg
-0.10 ' ' ' | ' | 1 '
- -3 -2 -1 0 2 3 4
4 Range Time (sec)
Platform Leveling Error About Z Axis {Pitch)
Angle (deg)
010
r Bolddown Pariod ——et v
r Final Leveling Error
4 1 -0.017 deg
o It & T~
'l el TrOT
al L EEE T
- 1 ] 1 1] ]
R T S N U R 2 T
Range Time (sec)
Notes:

.l. A® is the telemetered attitude error angle.

2 o is the angle between the vehicle longitudinal axis and the locat vertical.
3 8 is the angle between the platform Y axis and the local vertical
FIGURE 7-28, DEVELOPMENT OF PLAT FORM
LEVE LING ERRORS DURING
HOLDDOWN

The air bearing pendulums, which generate error
signals used to maintain the stabilized element level~
ing prior tolaunch, were left in the erection loop until
liftoff, The high bibration levels experienced during
the last second of the holddown period eaused the pen-
dulums to drift, issuing erroneous leveling command
signals. These signals caused the servos to drive the
stabilized element (on which the guidance accelerom-
eters are mounted) off level, These large leveling
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errors were the main contributors to the guidance in-
telligence errors. This problem will be eliminated
in future launches by switching the pendulum signals
out of the loop prior to S-I ignition.

2. The stabilized platform also appeared to have
an azimuth misalignment significantly larger than the
calculated value of 0, 004 degree. Detailed analyses of
the cross range velocity errors strongly suggest that
the azimuth error was in the range of 0,010 to 0,015
degree. This error contributed 2.0 m/s to the total
lateral velocity error at S-IV cutoff. The cause of
this error has not been identified as yet; therefore, it
is possible that a similar effect may occur on future
flights,

The three stabilizing servo loop pickup error sig-
nals indicated maximum values of 0, 2 degree. These
values, which agree with the corresponding data from
the flights of SA-5 and SA-6, are satisfactory. The
redundant gimbal servo error signal remained very
near the null position as expected, The guidance ac-
celerometer servo pickup signals were also very
smooth and remained near null,

7.8 ST-124 GAS BEARING SUPPLY SYSTEM

The performance of the gas bearing supply sys-
tem was completely satisfactory. The 0,028 m? (1
ft3‘) GN, storage bottlewas pressurized to 2137 N/em?
gauge (3100 psig) by the high pressure ground supply
system before liftoff. This value is well within the
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specified launch requirement of 1793 to 2206 N/m?
gauge (2600 to 3200 psig). From liftoffto S5-IV cutoff,
the ST-124 gas bearings consumed 1.1 SCM (38.8
SCF), or 21.6 percent of the total supply of 5.1 SCM
(180 SCF). Thisvalue agrees with the predicted con-
sumption rate of 0,1065 SCM/min (3.76 SCF/min)
within one-half percent.

Before liftoff, the average temperature of the
GN, supplied to the ST-124 gas bearings was 297°K
(298 + 5° K specified). Inflight, the average tempera-
ture of the GN,supplied to the ST-124 was also 297°K.

The preset regulator pressure differential be-
tween the gas bearing supply pressure and the speci-
fied Instrument Unit pressure was 12.5 N/cm? differ -
ential (18,1 psid). The regulator was set at this
pressure toprovide the specified differential pressure
of 10.4 + 0.4 N/cm? differential (15.0+ 0,5 psid) at
the ST-124 inlet manifold, Prior to liftoff the average
regulated pressure differential (gas bearing supply
pressure minus IU pressure) measured 13,2 N/cm2
differential (19, 2 psid); inflight, the average pressure
differential was 13.0 N/cm2 differential (18,8 psid).
The differential pressure was three percent too high
during prelaunch and one-half percent too high during
inflight to mect the ST-124 gas bearing manifold sup-
ply pressure requirement of 10.4 + 0.4 N/em? differ -
ential (15.0 + 0.5 psid). These small errors are
within the measurement accuracy and, therefore, are
not considered significant,




SECTION VIII
8.1 SUMMARY

The S$-IV-7 stage with Instrument Unit and
Apollo Boilerplate Payload was inserted into orbit at
631. 38-seconds range time. The attitude of the ve-
hicle at that time was 99. 8 degrees in pitch, 0.5 de-
gree in yaw and 0.06 degreeinroll. The angular rates
observed at S-IV cutoff were -0, 03 deg/s in pitch,
0. 04 deg/s in yaw and 0. 06 deg/s in roll. The great-
est recorded changes in angular rates occurred be-
tween 11 and 12 minutes after liftoff. Records indi-
cate that the main LH; vent opened 12 times during
this period and that the main LOX vent valve did not
open. At 20 minutes the roll angular rate had increased
to 0.4 deg/s CW from rcar and the vehicle was per-
forming a precessional motion with a tumble (pitch/
yaw) rate of 1. 46 deg/s. The tumble rate reached a
maximum of 1.65 deg/s at 25 minutes. The maximum
roll rate observed was at 40 minutes with a rate of
1,03 deg/s CW from the rear. At loss of telemelry
signal (40 min) the vehicle was essentially in a flat
spin and was performing a gyroscopic precessional
motion with a half cone angle of approximately 85 de-
grees and had a precessional period of 4minutes (1.5
deg/s equivalent angular rate). At loss of rate gyro
telemetry, the only direct measurement of vehicle
angular rates, the observed angular rates were less
than 2 deg/s in any axis. Analysis of radar signal
strength records (AGC) after the end of residual pro-
pellant venting (approximately 24 hours), indicates a
final tumble rate of approximately 6 deg/s.

A non-propulsive vent (NPV) system was flown
for thefirsttime onSA-7, inaddition to the main pres-
sure relief LOX and LH, vent systems used on SA-5
and SA-6, to obviate the excessive angular rates due
to the venting of residual propellants after S-IV cutoff
expericnced on SA-5 and SA-6. The NPV system was
designed to keep the vehicle angular rates below 6
deg/s, the maximum allowable on the Pegasus experi-
ments. This system performed satisfactorily and all
systcm components operated as expected although
there was some indication that the final rates were
approximately the maximum allowable.

8.2 VEHICLE ATTITUDE IN ORBIT

The vehicle was inserted into orbit at 631, 38-
second range timc with a 99. 8-degree pitch attitude,
0.5degree yaw attitude, and 0.06-degree roll attitude.

The angular rates at S-IV guidance cutoff signal
(621. 38 sec range time) were -0.03 deg/s in pitch,
0.04 deg/s in yaw, and 0. 06 deg/s in roll. At S-IV
cutoff the non-propulsive LH, and LOX vents opened.

ORBITAL ATTITUDE

No noticable changes in angular rates were noted from
S-1V cutoff to the beginning of the tape recorder play-
back. These angular velocities were not telemetered
during the period of tape recorder playback of S-1/
S-IV separation data from 642.7 to 672.8 seconds.

At resumption of telemetry (672. 8 sec), the an-
gular rates had changed to -0.25 deg/s in pitch, -0.24
deg/s in yaw and 0.22 deg/s in roll. This indicates
that the main LH, vents (propulsive) probably opened
during this period which wasvoid of telemetered data.
The greatest recorded changes in angular rates occur
between 674 to 720 seconds. During this time period,
the main LH, vents opened 12 times and the main LOX
vents did not open. These were the only recorded
orbital openings of the main vent valves. Figure 8-1
shows the telemetered angular rate observed at Anti-
gua through Pretoria.

At loss of signal from Antigua 14 minutes after
liftoff, the angular rates were -0.76 deg/s in pitch,
-0.57 deg/s in yaw, and 0.12 deg/s in roll. Atac-
quisition of telemetry by Ascension (20 min) the roll
angular rate had increased to 0.4 deg/s CW from rear
and the vehicle was performing a precessional motion
with a tumble (pitch/yaw) rate of 1.46 deg/s. This
tumble rate reached a maximum of 1. 65 deg/s at 25
minutes. The angular rates observed in the rate gyro
telemetry at Ascension loss of signal were 1. 38 deg/s
in tumble (pitch/yaw) and 0.79 deg/s in roll. These
telemetered rate gyro angular rates compare favor-
ably withthe angular rates defined by the horizon sen-
sor at this time of 1. 46 deg/s tumble and 0. 68 deg/s
roll. The roll rate changed from 0.79 deg/s at loss
of signal by Ascension (28 inin) to 0. 92 deg/s at ac-
quisition by Pretoria (32 min). At loss of signal by
Pretoria (40 min), the vehicle was tumbling at 1.55
deg/s with a roll rate of 1.03 deg/s CW from rear.
The vehicle was performing a gyroscopic precessional
motion with a half cone angle of approximately 85 de-
grees and had a precessional period of 4 minutes (1.5
deg/s equivalent angular rate). Figure 8-1 presents
the tumble and roll rates observed during the times of
valid orbital telemetry.

From the observed angular rates, the body fixed
moments acting on the orbiting vehicle were:

Time (sec) Pitch Yaw Roll

674 - 720 139 N-m 132 N-m 7.75 N-m
720 - 860 15 N-m 27 N-m 1,53 N-m
1236 - 1690 32 N-m 12 N-m 1,25 N-m
1930 - 2400 10 N-m 7.5 N-m 1,11 N-m
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Radar, Minitrack, and telemetry signal strength
records (AGC) and radar operators comments were
utilized in attempting to define the orbiting vehicle
angular rates after loss of telemetry. Figure 8-2
shows the tumble rates observed in the orbital records.
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During the period of active telemetry there is reason-
able agreement between the telemetered angular rates
and the angular rates indicated by AGC records. After
the first three revolutions the only valid data available
for rate analysis were skin track radar AGC and radar
operator comments. Signal periodicity ( equivalent
angular rate) seen in radar skin track records can be
interpreted only as a tumble indication. The vehicle
tumble rate as indicated by this evidence would be ap-
proximately 6 deg/s at the end of orbital venting of
residual propellants (approximately one day). Spin
rate indications in the orbital records were extremely
difficult to discern and the roll rate at the end of
orbital venting could not be defined. Investigations
are continuing in this area in an attempt to establish
reliability of observations,

8.3 NON-PROPULSIVE VENTING SYSTEM PER-
FORMANCE

A non-propulsive vent (NPV) system was in-
stalled on SA-7, in addition to the main pressure re-
lief LOX and LH,vent systems used on SA-5and SA-6,
to obviate the excessive angular ratesdue to the vent-
ing of residual propellants after S-IV cutoff experi-
enced on SA-5 and SA-6 (See Fig. 8-3). The NPV
system was designed to keep the angular rates below
6 deg/s, the maximum allowable on the Pegasus ex-
periments.

The S-IV-7 non-propulsive vent system per-
formed satisfactorily, as indicated by all available
data, and system component operation was as expect-
ed. The two hydrogen and one oxygen non-propulsive
vent valves opened at engine cutoff (621, 38 sec), and
the newly designed main hydrogen vent cover closed
and latched as intended.

The main hydrogen vent (propulsive) did open,
but the main oxygen vent (propulsive) did not open
after S-1IV engine cutoff.,

The total impulse of the hydrogen vented through
the main vent valve was determined to be approximately
8,896 N-s (2000 lbf—s) based on the following data
evaluations:

1. After a time lag of approximately 5 seconds,
the LH, tank pressure rose sharply from 25.1 N/cm?
(36.5 psi) at 626 seconds to 30.3 N/cm? (44,0 psi)
at 643 seconds, at which time there was a loss of data
because of the onboard recorder playback.

2. After the period of data dropout, which oc-
curred from 643 to 674 seconds, the LH; tank vented
through its main vent system. All recorded vent
periods occurred between 685,5 and 720 seconds. The
No. 2 vent valve opened nine times. The No. 1 vent

valve opened three times. However, the LH, vent
pressure recording, shown in Figure 8-4, indicates
possible pilot flow up to 805 seconds.
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3. The area under the recorded LH, vent pres-
sure curve (Fig. 8-4) has been integrated. The re-
sult indicates a vented total impulse of 5,227 N-s
(1,175 lbf—s).

4. In order to make a deduction of the vented
total impulse during the data dropout period, the heat
input into the LH, tank has beenevaluated. This eval-
uation is shown in Figure 8-4. The evaluation was
based on the following events:

a. The LH, tank pressure rise prior to the
data dropout period.

b. Totalvented impulse after the data drop-

out period. Thus, a heat input rate duringthe record-
er playback period was interpolated.
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The equivalent vented total impulse during this
period, derived from the above procedure, was 3,684
N-s (820 lbf-s).

5. The combination of the conclusions reached
in 3 and 4 above indicates a vented total impulse of
8,874 N-s (1,995 Ib~s) or 7.3 kg (16. 2 lbm) of GH,
vented through the hydrogen main vents.

Based on analytical evaluationof the S-1V-7 flight,
the following residuals atS-1v stage all engines cutoff
command were considered to be accurate for this a-
nalysis:

205 kg (451 1bm) of LH,
986 kg (2174 1bm) of LOX

The equivalent total impulses are:

338,065 N-s (76,000 lbg-s) LH, tank
386,995 N-s (87,000 lb¢-s) LOX tank

Table 8-1 gives the possible angular rates based
on maximum tolerances of the NPV system plus hydro-
gen venting through the main vents. At the end of or-
bitalventing a maximum of 5 deg/s in roll and 3 deg/s
intumble is predicted. Figure 8-5shows the predicted
LH, and LOX tank pressures versus time during
orbital venting as functions of the nominal residual
propellants. The pressure history curves would
change negligibly if the actual residual propellant
masses were used in the analysis. The Tel 2 data of
the first orbital pass indicate a LOX tank pressure of
13. 8 N/cm? (20 psi) and an LH, tank pressure of 19. 0
N/em? (27.5 psi), at approximately 1.5 hours from
orbital insertion. The predicted tank pressures at
this time are 13.8 N/em? (20 psi) in the LOX tank
(assuming 907 kg or 2000 lbm LOX residual at S-IV
cutoff) and 11.7 N/cm? (17 psi) in the LH, tank (as-
suming 136 kg or 300 lbm residual at S-IV cutoff).

TABLE 8-1. PREDICTED ANGULAR RATES AT
THE END OF ORBITAL VENTING

P Roll Rate | Tumble (Pitch/Yaw) Rate
Venting Parameters deg/s deg/s
205 kg (451 lbm) LH, - residual 2.1 0.8
986 kg (2174 lbm) LOX - residual 2.4 1.1
8,896 N-s (2000 lbg-s) total impulse 0.7 0.8
vented through the LH,
main venta
Totals 5.2 2.7%

*The pitch-yaw velocities are added algebraically. A summation of the
velocity vectors would reduce the quoted pitch-yaw velocity by
approximately 107,

64

LOX Tank
Pressure (N/cm?)

40 Predi‘ction B’aseé U;m:\ —l
N 1.10X Tank Heat Input Approximately
20 995 Watts ($-IV-5 Plight)
SN
\.C‘?O? Kg of Residual
10 -
8 \\
. \
\ ‘(—680 Kg of Residual
4 3
O 5-IV-7 Flight Data N
) |
11 N
34 Kg of Residual — \
. L \
.08 .1 .2 4.6 .8 1,0 2 4 6 10 20

Time From S-IV Engine Cutoff (Hrs.)

LH; Tank
Presauxe (N/en®)
T T71T 1
Prediction Based Upon
\ 1.LH; Tank Heat Input Rates
20 o ot Equal To Those of The
S-IV-6 Flight
2.LHy Residual of 136 Kg
At S-IV Engine Cutoff
: s
6 \
. I\
© S-1IV-7 Flight \
2
1
.08 .1 .2 .4 .6 .8 1.0 2 4 10 20
Time From S-IV Engine Cutoff (Hrs.)
FIGURE 8-5. PREDICTION OF LOX AND LH; TANK

VENTING

These data are in the expected range if it is rec~
ognized that the LH, tank venting is dependent on the
heat input into the tank. The predicted heat input is
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SECTION IX, SEPARATION

9.1 SUMMARY

Separation of the first and second stage of the
SA-7 vehicle was accomplished in the same manner
as SA-6. The separation scheme isdiscussed in Ref-
erence 3. The only major difference between SA-6
and SA-7 was the delay time between OLECO and sep-
aration command. This delay time was 0.4 second
for SA-6 and 0. 8 second for SA-7,

All elements of the separation system operated
properly and the first relative motion between stages
was observed within 0, 09 second of separation com-
mand. Only 12 percent (0.09 m or 3.4 in) of the a-
vailable lateral clearance (0.74 m or 29 in, ) wasused
during the separation period.

At S-1V engine ignition command the exit plane of
the S-1V engines was 10.1 m (33 t} forward of the lip
of the intersiage;this is 7.0 m (23 ft) greater than the
minimum design requirement of 3 m (10 ft).

The vehicle had attitudes and angular rates con-
siderably less than design values at separation; how-
ever, angular rates for the separated S-1 stage in-
creased during the separation period. Only the roll
angular rate of the $-1V stage increased significantly
during the separation process. The roll excursion,
while not affecting separation, did produce a large
transient at the time the S-IV stage thrust reached a
value large enough to restore the vehicle to the proper
attitude. The cause of the roll deviation was primarily
atotal ullage rocket misalignment of 1.2 + 0.2 degrees
or some equivalent value distributed among all four
ullage rockets.

9.2 SEPARATION DYNAMICS

9.2.1 TRANSLATIONAL MOTION

The actual separation sequence for the SA-7
vehicle is depicted in Figure 9-1. The separation
command was issued at 148,44 seconds. The first
motion between the two stages was observed from te-
lemetry (simulation) to have occurred at 148,53 sec-
onds. Two extensomeoters mounted on the S-IV stage
indicated a first motion time of 148,55 seconds (30,48
c¢m extensometer) and 148, 58 seconds (475.2 cm ex-
tensometer) .,

Figure 9-2 shows the separationdistance between
the S-1 stage and the S-1V stage. Shown for compar-
ison is the SA-6 separation time history. The S-1V
stage engines cleared the interstage 0.06 second ear-
lier than predicted. Figure 9-2 shows the velocity
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Lovel Sensars i

Open Interstage Von! Ports
and Initiske LOX Prestart oo

5-1 Inboard Englne Cutolt .54

5-1 Outhoard Engine Cutoft 14.64
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$-1V Clears S-1/S-IV interstagd

S-1V ignkion

% e s

FIGURE 9.1, SEPARATION SEQUENCE

increment for both stages plus the total relative ve-
locity between stages. The two stages had separated
by 10.1 m (33 ft) at S-IV stage ignition, which is 7.0
m (23 ft) greater than the specified minimum clear-
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ance. The increased clearance is attributed to the
later separation time (0.8 sec) from OECO, resulting
ina higher negative booster acceleration at separation.

The lateral clearance analysis on SA-7 indicated
that separation required 0. 09 m (3. 4 in.) of the 0.74
m (29 in.) available lateral clearance, corresponding
to a probability of 0. 75.

9.2.2 ANGULAR MOTION
At the start of separation the vehicle had the

following attitudes and angular rates: (design values
are listed for comparison)

Parameter Actual Design
Pitch Attitude (deg) 0.1 (nose up) 1.0
Yaw Attitude (deg) -0.1 (nose left) 1.0
Roll Attitude (deg) 0.4 (CW from rear) -
Pitch Rate {deg/s) 0 1.0
Yaw Rate (deg/s) 0 1.0

Roll Rate (deg/s) 0.1 (CW from rear) -

Angular rates experienced by the S-I stage were
considerably larger than the S-1V stage with the ex-
ception of roll (Fig. 9-3). The roll angular rate was
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practically the same on both stages, for the first two
seconds after separation.

The observed angular motion of the S-I stage
would require the total angular impulse presented be-
low. This total angular impulse is equivalent to the
retro rocket misalignment and CG offset indicated.

Observed Angular 147,483 88,729 12,554
Impulse (N-m-s)

Total Retro Rocket -0.22 -0, 14 0.13
Misalignment (deg)

5-1 Stage CG Offset (m) 0 -0. 01 0

The retro rocket misalignmentis nearly the same
magnitude as observed on previous flights.

Figure 9-4 shows the telemetered and simulated
attitude error transients of the S-IV stage which re-
sulted from separation disturbances. The simulation
includes the inflight engine thrust buildup and mass
characteristics, and also includes an approximation
to the preflight predicted CG offset history. In the
yaw plane, the CG offset is to the left of center when

looking forward and varies linearly from 1.8 ecm
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(0.73 in.) at separation to 4 cm (0.7 in.) at cutoff. In
the pitch plane, the CG offset is above center and
varies linearly from 2,1 cm (0, 84 in. ) at separation
to 5 cm (2 in.) at cutoff. The correlation between the
simulated attitude errors and the actual attitude errors
indicates that the vehicle CG offsets and thrust vector
misalignments were close to those assumed. The
large separationtransient in rollis attributed to 1.2 +
0.2 degree total ullage rocket misalignment. Initial
disturbing moments of 678 N-m (500 ft-1b) and 1356
N-m (1000 ft-1b) are estimated to have acted on the
S5-IV stage in the pitch and yaw planes, respectively,
for the first two seconds after separation. These
moments are attributed to the cooldown exhaust vent,

The alignment tolerance of each S-1V stage ullage
rocket is 0.7 degree (30). Root sum squaring this

value would give an upper limit of 1.4 degrees of ex-
pected misalignment. This misalignment includes
both angular and translational effects. The 1.2 + 0.2
degrees determined to explain the roll deviation are
near the upper expected limit. However, from a con-
trol standpoint the vehicle could control a misalign-
ment of approximately 2.7 degrees without saturating
the attitude error signal of 15 degrees and the angular
rate of 10 deg/s, assuming no other disturbances
exist that would add to the roll maneuver. Using the
design values of 1 degree attitude in pitch and yaw, 1
deg/s rates and an angle-of-attack of 4 degrees
the misalignment that could be tolerated is 2.0 de-
grees, No relaxation of the ullage rocket alignment
tolerances should be considered if other disturbances
existed and the roll error signal should not be satu-
rated.
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SECTION X,
10.1 SUMMARY

The maximum pitch bending moment experienc-
ed during the flight of SA-7 occurred at 74.7 seconds
and indicated a maximum of approximately 30 percent
of the design moment and 39 percent of the maximum
moment experienced on SA-6.

The structural flight loads were somewhat lower
than on previous flights,

The bending oscillations observed were identical
to those observed during the flight of SA~-6. The vi-
bratory force during the starting sequence of the en-
gine pairs was determined to be 13 percent of the
static thrust, which is well within the 20 percent al-
lowable.

The flight vibration levels on the S-1 stage were
among the lowest ever exhibited by the Saturn vehicle.
The structural vibration levels were mild except for
the holddown, Mach 1 and max Q periods of flight.
The vibration levels measured in the Instrument Unit
were approximately one-third those measured during
the SA-6 flight.

The bending observed on the second flight stage
of SA-7 indicated frequencies near the second bending
mode frequency in the yaw plane for four seconds fol-
lowing separation. The frequency then decreased to
very near the first bending mode frequency until LES
jettison. The pitch Eending amplitude during this time
was much lower than in yaw. Following LES jettison,
bending in yaw was not observed. However, first
mode bending in pitch was excited, probably by the
LES exhaust blast.

The vibration levels observed on the S-IV stage
of SA-7 were very near those observed on previous
flights.

10.2 RESULTS DURING $-1 POWERED FLIGHT

10.2,1 MOMENTS AND NORMAL LOAD FACTORS

10.2.1.1 CALCULATED VALUES

The maximum pitch bending moment ex-
perienced by the Saturn SA-7 vehicle occurredat 74.7
seconds of flight. The distribution of this moment is
presented in Figure 10-1, together with the normal
load factor obtained from the accelerometer readings
from the TU measurements. The slope of this load
factor line indicates the rotational acceleration of the
vehicle. This maximum moment is 30 percent of the
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design moment and 30 percent of the maximum moment
experienced by SA-6.
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FIGURE 10-1. SA-7 PITCH BENDINGMOMENT AND
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The calculated angle-of-attack (a) and teleme-
tered gimbal angle (3) which produced the depicted
normal load factor when nominal aerodynamic and
weight data were considered, were used for the bend-
ing moment distribution. The calculated angle-of-
attack necessary to produce the normal load factor
observed is 0.6 degree higher than the measured
angle-of-attack if nominal aerodynamics are used.
Time points on either side of this maximum loading
point were investigated. The resulting angles-of-
attack were approximately 0.6 degree higher than
those measured, while the gimbal angles coincided.
The conirol analysis (Section VII) indicated that an
aerodynamic moment was acting on the vehicle; how-
ever, this is not supported by the structural analysis.



10.2.1.2 MEASURED VALUES

Station 23.9 m (942 in.) is the location of
the eight LOX stud and sixteen tension tie measure -
ments at the lower side of the spider beam. The ve-
hicle body loads can be measured at this station with
the exception of that portion of the load carried in the
center LOX tank. The maximum bending moments at
75 seconds estimated on the basis of the strain data
were: -286,000 N-m in yaw, 550,000 N-m in pitch
with a resultant of 620,000N~m. These values do not
include the 15 percent of the total moment which is
carried by the center LOX tank., Inclusion of this
contribution yields a total resultant bending moment
of 730,000 N-m at 75 seconds of flight.

10.2.2 LONGITUDINAL LOADS

10.2.2.1 ACCELEROMETER DATA

An investigation was made to compare the
calculated response of the system, using the observed

Thrust (1000 N)

thrust forces, to that observed during the thrust
buildup period. The buildup period is defined as the
the time interval from ignition of the first engine to
vehicle liftoff. The engines were scheduled to ignite
in pairs, with a 100 ms delay between pairs tolimit
the vibratory force to 20 percent of the static thrust.
Figure 10-2 shows the engine staggering times (igni-
tion delay) to the erratic; however, the maximum re-
sponse was only 13 percent of the static thrust.

Oscillations of aproximately + 0.1 g were ob-
served on the Instrument Unit accelerometer during
the time interval between 40 and 80 seconds range
time. An attempt was made to correlate peak ampli-
tude frequencies of LOX and fuel pump inlet pres-
sures, engine chamber pressures, and longitudinal
accelerations. Nosimilarity was evident and, as was
shown in the flight of SA-6, the existence of POGO
oscillations was not apparent.
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The vibration acceleration level measured in the
Apollo capsule was in good agreement with the calcu-
lated accelerations, and the frequency agrees with
that observed on the holddown arms.

10.2.2,2 STRAIN DATA

The axial load at Sta. 23.9m (942 in.)
compared very well to the predicted values, and those
obtained on vehicles SA-5 and SA-6. The axial load
distribution on SA-7 follow the same general trends
as observed in the longitudinal accelerations shown in
Section V.

10.2.2.3 FUEL TANKS SKIRT LOADS

The fuel tank skirts were instrumented with
32 strain gauges. Eight of the gauges are equally
spaced around each tank at Sta. 6.63 m (261 in.).
The data received from SA-7 were in agreement with
corresponding data received from SA-5 and SA-6.
This agreement was expected since the skirts are not
affected by body bending moments, but only by axial
forces which remain nominally the same during each
flight. The apparent load relief thatoccurred on SA-5
and SA-6during the time interval between ignition and
liftoff was difficult to see on SA-7 because of the
scatter inthe data. The apparentcooling of the strain
gauge, located on fuel tank number one above stub fin
I, from 80 to 110 seconds was repeated. This same
occurrence was experienced on SA-5 and SA-6 and
must be considered an actual structural response.

10.2.3 BENDING OSCILLATIONS
10.2.3.1 BODY BENDING

The SA-7 flight data showed no significant
difference from the SA-6 flight test vehicle. A filter
bandwidth of 0,667 Hz was used on the telemetered
data for this evaluation. The response amplitude was
low in the frequency range of 0 to 10 Hz, with a max-
imum of 0.3 g single amplitude. '

Figure 10-3 represents a comparison of SA-7
flight frequencies withSA-6dynamic test frequencies.
In Figure 10-4 the amplitude response for the pitch
and yaw accelerometers, located at the nose cone and
escape tower, are presented. This figure shows peak
amplitudes which occur inthe regions of Mach 1 (55.3
sec) and max @ (73.0 sec).

All accelerometers appeared to function normally
and the data received were within the range of expect-
ed results.
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After separation of the S-1 stage and jettisoning
of the LES, oscillograph records indicate a frequency
response level of negligible value.

10.2.3.2 FIN BENDING

For the SA-7 flight, three of the six fin ac-
celerometers were changed in range from + 1 g to
+ 5 g's, but some of the data were still slightly clip-
ped at Mach 1. 0 and maximum dynamic pressure.



Slice times at 20 seconds, Mach 1.0, and max-
imum dynamic pressure were analyzed over the fre-
quency span of 0 - 60 Hz. The predominant frequen-
cies were 30, 37, and 44 Hz. These predominant
frequencies showed very little change over the various
slice times and, therefore, coalescence of the predom-
inant frequencies or any flutter trend was not indicat-
ed. The frequency content of the data were approxi-
mately the same as recorded on previous flights.

10.2.4 S-I VIBRATIONS
10.2.4.1 STRUCTURAL MEASUREMENTS

Thirteen accelerometers were located on
the S-1 booster to measure structural vibration. All
telemetered data appeared to be valid, including that
obtained from four retro rocket measurements ques-
tioned during previous flights. With the exception of
shear panel measurement, all data exhibited normal
or expected levels throughout S-1 powered flight. En-
velopes of the structural vibrationlevels are present-
ed in Figure 10-5.

Four of the five shear beam and shear panel mea-
surements indicated expected vibration increases dur-
ing the critical flight periods. The overall envelope
of the recorded levels from these measurements cor-
related closely, but was slightly lower than the SA-6
envelope. The fifth measurement, located in the
center of the shear panel between Fins III and IV,
showed an unexpected decrease in level during the
Mach 1{/max Q period. Although this structure ap-
pears to be predominantly affected by excitation from
the engines, the maximum level experienced during
mainstage was not influenced by engine vibrations.

Shroud panel vibration levels were typical of thin,
lightly braced structure. Anticipated increases in vi-
bration were observed during critical flight periods;
however, the amplitudes during holddown and Mach
i/max Q were approximately 15 percent lower on SA-
7 than on SA-6.

There were three orthogonally oriented measure -
ments of structural vibration on the spider beam spoke
at Fin Line 1. Compared with the SA-6G 1,msenvelope ,
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the SA-7 envelope exhibited higher levels during igni-
tion and mainstage, but indicated a considerable re-
duction in level during the Mach 1/max Q period of
flight. These differences in vibration amplitude are
attributed to the difference in angle-of-attack. This
conclusion is substantiated by the close comparison
between the levels on SA-7 and SA-5, which had sim-
ilar angles-of-attack.

There were four accelerometers located on the
support brackets for retro rockets 1 and 3. This
structure, which is most susceptible to aerodynamic
excitation, showed expected increases in vibration
during the Mach 1/max @ period of flight. The max
Q vibration was three times higher than the holddown
vibration.

10. 2. 4.2 ENGINE MEASUREMENTS

Four accelerometers located on the com-
bustion chamber domes of engines 1, 3, 5, and 7 mea-
sured vibration in the longitudinal (flight) direction.
All four accelerometers measured vibration levels
that were inconsistent with previous static and flight
test history. Consequently, the validity of the SA-7
data was questioned. An investigation of the SA-7
data revealed that there was a large discrepancy be-
tween the telemetered data received during holddown

and the landwire data obtained from the combustion.

stability monitor (CSM) measurements. The CSM
and flight measurements are located side by side and
should provide comparable data, Therefore, it was
concluded that the SA-7 flight combustion chamber
dome data were unreliable. Figure 10-6 shows a
comparison of the data from SA-7 to that of SA-6.

Four accelerometers were located on the com-
bustion chamber domes of engines 2, 4, 6, and 8 to
measure vibration in the lateral direction. The SA-7
vibration was normal throughoutS-1 flight and the time
history correlated well with previous flight history
(see Fig. 10-6).

Four accelerometers measured the vibration of
the turbine gear box on each of the outboard engines.
In general, the vibrationlevels were lower than those
measured on SA-6 flight (Fig. 10-6). The vibration
of engine 3 gear boxwas higher than the other three
after the max Q period. The SA-7 vibration levels
were as expected.

A series of vibration measurements were made
on the engine components to determine the levels as-
sociated with thesecomponents, Figure 10-7 presents
the envelopes of the vibration levels determined for
the engine components compared to the levels for
SA-6.
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Three accelerometers measured the vibration of
yaw actuator of engine 4. The SA-T7 vibration levels
were normal. Compared to SA-6, the SA-7 vibrations
were approximately 30 percent lower. As expected,
the vibrations in the longitudinal (flight) direction
were higher throughout flight than the yaw measure-
ments.

Six accelerometers measured the vibration of the
fuel suction line of engine 6 at both the inlet and outlet
flanges. The SA-7 vibration was normal and corre-
lated well with the previous flight history. As expect-
ed, the vibration at the outlet flange of the fuel suction
line was 50 percent higher than the vibration at the
inlet flange in the longitudinal direction.

Three accelerometers measured the vibration at
the outlet flange of the engine 6 heat exchanger. The
SA-T7 vibration levels were normal and were about
25 percent lower than the levels measured during
SA-6.
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Six accelerometers measured the vibration of the
engine 6 GOX line. The SA-7 vibration levels were
as expected. Compared to SA-6, the SA-7 vibrations
were lower during the first half of the flight including
max Q, but slightly higher during the remainder of
the flight.

Two accelerometers measured the vibration of
the fuel wraparound line of engine 6 near the line out-
let to the turbopump. The highest vibration levels

occurred after max Q. Compared to SA-6, the SA-7
levels were 20 percent higher; however, the SA-7
levels are comparable to those measured on SA-3
flight.

10.2. 4.3 COMPONENT MEASUREMENTS

Eight accelerometers were located in the
forward and aft skirt regions of the fuel tanks. Six
of these transducers measured vibration on the instru-
ment compartment panels in the forward skirt region
of fuel tanks 1 and 2, and the remaining two measure-
ments were made in the aft skirt region of fuel tank
1 adjacent to the 9A3 distributor mounting bracket.
Envelopes of the vibrations observed on these meas-
urements are presented in Figure 10-8
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A hard mounted instrument panel was located in
fuel tank 2and exhibited typical increases in vibration
during the holddown and Mach 1/max Q regions of
flight. The composite G, g envelope was equal to the
SA-6 envelope during holddown and mainstage, and
slightly lower during Mach 1/max Q.

The vibration levels of the shock mounted instru-
ment panel, located in the forward skirtregion of fuel
tank 1, were consistent with expected amplitudes.
Levels measured on the isolated instrument panel
were approximately 84 percent lower than those on the
non-isolated (hard mounted) panel. The SA-7 com-
posite vibration was slightly higher than the SA-6 vi-
bration during holddown and Mach 1/max Q; however,
due to the relatively low amplitudes involved, this
difference was not considered significant.

Two accelerometers located adjacent to the dis-
tributor 9A3 mounting bracket measured vibration on
the fuel tank skirt ring frame. As expected, an in-
crease in vibration occurred during holddown and
Mach i/max Q. The vibration perpendicular to the
ring frame was slightly lower during SA-7 flight than
during SA-6. Compared to SA-6, the SA-7 vibration
parallel to the ring frame was higher from ignition
through max Q. From max Q to engine cutoff, the
amplitude was lower than that recorded during SA-6,
The overall SA-7envelope of the vibration input to the
9A3 distributor mounting bracket correlated closely
with past flight history.

10.2.5 S-I1V VIBRATIONS
10.2.5.1 STRUCTURAL MEASUREMENTS

Nine vibration measurements were taken on
the S-IV-7 stage thrust structure and LH, tank. En-
velopes of the composite time histories are shown in
Figure 10-9. Envelopes of thruststructure measure-

ments from the SA-5 and SA-6 flights are also shown
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for comparison. The vibration levels measured dur-
ing the SA-7 flight fell within the envelopes established
from SA-5and SA-6 flight measurements. The vibra-
tions on the thrust structure exhibited expected char-
acteristics during the S-I stage powered flight, and
the levels did not present any problems to the S-IV
stage thrust structure.

The measurements on the LH, tank structure
showed levels that were higher than expected during
holddown, liftoff, and max Q; data were lost during
these periods due to over driving of the telemetry
channel. Calibration range changes will be made on
future flights to insure that valid data can be obtained.

10.2,5,2 ENGINE MEASUREMENTS

Measurements of each engine were taken on
the thrust chamber dome in the thrust direction and
on the gear case housing in the radial direction. The
vibration levels during S-1 stage powered flightwere
below the noise level of the telemetry system and were
considered negligible at these locations.

10.2.5.3 COMPONENT MEASUREMENTS

The component measurements were sepa-
rated into components inthe aft skirt and thruststruc-
ture, in the LH, tank, and in the forward interstage.
The aftskirt and thrust structure measurements were
taken on the helium heater, at the base of the inverter,
sequencer, PU computer and ullage rocket. The LH,
tank measurements were taken at the cold helium
sphere attach point to the LH, tank skin (three direc-
tions). The forward interstage measurements were
located on the telemetry rack, including both the in-
put to the rack and to the command destruct receiver
mounted on the rack. Envelopes of the composite
time histories are shown in Figure 10-10. Also
shown are SA-5 and SA-6 flight envelopes for the
thrust structure and forward interstage components.

The components on the aftskirt and thrust struc-
ture showed a high upper envelope which is attributed
to the measurement at the ullage rocket. This meas-
urement was exposed to the directimpingement of the
acoustic and aerodynamic environments during boost
and max @ periods of flight and reflected the high ex-
citation which these periods induced. The vibration
level on the other components (on thrust structure)
fell below the environment established during the SA-5
and SA-6 flights. The vibrations on the thrust struc-
ture components exhibited the expected characteristics
during S-I stage powered flight.

The overall vibration levels at the cold helium
spheres, located in the LH, tank, were consistentin
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three directions (thrust, normal and tangential) dur-
ing S-1 stage powered flight. Overall levels of ap-
proximately 1 5 Gy g at liftoff and maxQ were lower
than expected. There were no previous flight meas-
urements to refer to for comparison purposes.

The forward interstage envelopes in Figure 10-10,
representing the environment during flight, were form~
ed by the data from the command destruct receiver
measurement ( lower band) and from the measurement
at the base of the telemetry rack (upper band). The
'SA-7 envelope indicates that the vibration amplitude
was attenuated by the isolated panel to whichthe com-
mand destruct receiver was mounted. The SA-5 and
SA-6flight levels were considerably higher due to dif-
ferences in the direction of the measurements and
angle-of-attack. The vibrations at the telemetry rack
exhibited the expected characteristics during S-1 stage
powered flight.

10.2.6 INSTRUMENT UNIT VIBRATIONS

10.2.6.1 STRUCTURAL MEASUREMENTS

The Instrument Unit structure vibrations
shown in Figure 10-11 were monitored by ten accel-
erometers located on the Instrument Unit mounting ring
and the Apollo mounting ring, and by one accelerom-
eter located on the skin. The skin vibration amplitude
was 50 percent higher than the highest mounting ring
vibration during the Mach 1/max Q period of flight.
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The SA-7 skin vibration was 20 percent lower
than SA-6. The mounting ring vibration was lower by
approximately the same percentage. This was as ex-
pected due to the lower angle-of-attack,

10.2.6.2 COMPONENT MEASUREMENTS

The vibration input to various Instrument
Unit components was monitored by 12 accelerometers
located on support bases, panels, brackets, etc. The
vibration environment of the various components was
minor except during the holddown and Mach 1/maxQ
periods of flight (see Fig. 10-11). Maximum ampli-
tudes during holddown and max Q were lower than ex-
pected. Some previous flight data were clipped, mak-
ing overall comparisons impossible.

The ST-124 guidance system vibration was mon-
itored by nine accelerometers. The vibration of the
system was mild except during the critical flight
periods (see Fig. 10-11). The SA-7 vibrations were
lower than SA-6 by approximately 50 percent due to
the programmed flight trajectory having a lower
angle-of-attack. ’

10.2.7 APOLLO VIBRATIONS

The Apollo structural vibration was measured
with two accelerometers located on the reinforced
"boilerplate" structure at Sta. 39.9 m (1570 in.).
One measurement was at Fin Position I and the other
was at Fin Position III. The SA-7 vibration was minor
except during the holddown and Mach 1/max Q periods,
as expected. The vibration during holddown was 1.5
times higher than the vibration during max Q. At 8-I
OECO, vibrations exceeding twice the max Q levels
lasted for 50 to 100 milliseconds. At IECO, the vi-
brations were minor. Compared to SA-6, the SA-7
vibrations were 20 percent lower during the critical
flight periods.

It was noted that vibration at the Fin I and Fin II
locations had very dissimilar timehistories. The vi-
bration at Fin I (lower part of band in Fig. 10-11)
rose to a maximum twice during the Mach 1/max Q
period. This phenomenon was attributed to the pass-
age of two shock waves over the structure, the first
wave being stronger than the second. It wasexpected
that this phenomenon would be less apparent during
SA-T7 flight because of the '"zero' angle-of-attack.
However, this was not the case.
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“of the microphone.

10.2.8 STRUCTURAL ACOUSTICS

The acoustic environments of SA-7 were
compared with predicted values rather than measured
data because of the change in the programmed angle-
of-attack. This change resulted in different aerody-
namic flow characteristics which affected the acoustic
environment.

10.2.8.1 S-1STAGE

The S-I stage acoustic environment was
measured at four locations. Two of these measure-
ments were internal and two were external. All of
the acoustic data appeared normal and agreed well
with the predicted acoustic time histories. The two
internal measurements, at Sta., 21.5 m (845 in.)
were in good agreement with the predicted environ-
ments, particularly at the critical periods of hold-
down, Mach 1 and max Q. The highest levels meas-
ured during these times were 148 db during holddown
and 130 db during Mach 1/max Q. The two external
measurements, at Sta. 23.5 m (925 in.) were also
in good agreement with predicted time histories. The
overall acoustic levels at each Jocation were compar-
able during holddown and Mach 1/max Q periods. The
levels during mainstage were considerably lower and
difficult to estimate due to the lower calibration limit
The time history of the measure-
ment 22.5 degrees off Fin IV toward Fin I exhibited
separate peaks in the time history at Mach 1/max Q
and were slightly higher than the adjacent measure-
ment 24 degrees off Fin Line IV toward Fin Linel.
Figure 10-12 presents a time history of the S-1 stage
acoustic measurements.

10.2.8.2 S-IV STAGE

Acoustic measurements on the S-1V stage
were taken at the engine 4 gimbal block and between
the sequencer and PU computer inside the thrust
structure. The measurement at the gimbal block
provided nodata. Because of time sharing, the meas-
urement next to the sequencer provided data only
during the period from 7 to 10 seconds after S-Istage
engine ignition. During this period, the level was low
(131 db), and the data were below the noise level of
the telemetry system for the remainder of powered
flight. Calibration range changes will be made on
future flights.
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10.2.8.3 INSTRUMENT UNIT

Two external measurements were made of
the acoustic environment on the skin surface of the
Instrument Unit. One measurement located at Sta.
38.4 m (1512 in.) measured the acoustic environment
20 db lower than the predicted levels while the other
measurement, located in the same radial direction at
Sta. 37.2 m (1464 in.) was in very good agreement
with predicted values (see Fig. 10-13). It is not felt
that the difference in the locations of these two meas-
ments is sufficient to account for this change in the
acoustic environment. Therefore, these data are not
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consideredvalid. The acoustic levels during the hold-
down and Mach 1/max Q periods were 151 db and 155
db respectively, which agree well with the predicted
values.

10.2.8.4 APOLLO STAGE

One external measurement of the acoustic
environment was made on the Apollo stage. This
measurement was located at Sta. 45.74 m (1800.9
in.) on Fin Line III, Figure 10-13 presents a time.
history of this measurement. This time history in-
dicated that the levels were generally within the pre-
dicted levels. However, between 2 and 14 seconds
and 85 and 100 seconds the environment did exceed
these limits by approximately 3 db. The levels later
in the flight are the result of the aerodynamic turbu-
lence and shock interaction peculiar to this location.

10.3 RESULTS DURING 8-1V POWERED FLIGHT

10.3.1 S-IV LOADS

Data from the S-1V-7 stage indicated that all
major structural components functioned as designed.
Because of the limited camera coverage, however, it
was not possible to determine if there was a recur-
rence of the opening or loss of the air conditioning door
of the aft interstage, as was the case with S-IV-5 and
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S-IV-6. For the same reason, the effectiveness of
the 10 grain primacordused to open the blowout panels
could not be determined.

10.3.2 BENDING

At separation, body bending was excited in
yaw. For the first four seconds after separation, the
predominant frequency was 10 Hz, which is very close
to the predicted SA-7 second mode frequency of 10, 2
Hz. From four seconds after separation to LES jetti-
son, the predominant frequency was 4 Hz, which is
slightly higher than the predicted S-1V-7 first mode
frequency of 3. 6 Hz. During this time period, bend-
ing in the pitch plane was of much smaller magnitude
than in the yaw plane.

Following LES jettison, bending in yaw was not
observed. However, first mode bending in pitch was
excited, probably by the LES exhaust blast. The fre-
quency of this oscillation was 11 Hz, compared to 1.4
Hz predicted for S-IV-7 first mode after LES jettison.
The pitch oscillations damped out quickly after LES
jettison.

10.3.3 8-IV VIBRATIONS DURING S-IV POWERED
FLIGHT

10.3.3.1 STRUCTURAL MEASUREMENTS

The structural measurements were located
on the thrust structure and LH, tank. Five structural
measurements were taken on the thrust frame assem-
bly (pitch and yaw directions), and on the engine 4
thrust structure at the gimbal block (thrust and yaw
directions) and actuator B attach point (parallel to
center line of actuator). The envelopes of the overall
time histories are shown in Figure 10-14. The SA-5
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and SA-6 flight envelopes of the gimbal point meas-
urements are also shown in this figure. Vibration
levels during the SA-5 and SA-6 flights were consid-
erably higher at the gimbal point. These higher levels
are attributed todifferences in measurementlocations
and to a high thrust environment on engine 4 during
the SA-6 flight. The SA-5 and SA-6 flight measure~
ments were located on the structure next to the gimbal
block, while the SA-7 flight measurements were
mounted directly on the block. The vibration levels
on the thrust frame were lower than expected, in com-
parison to the static test levels. Although the ampli-
tudes were low, the Gy g values were constant during
S5-IV stage powered flight.

The vibration levels on the LH, tank were below
the noise level of the telemetry system and therefore
were considered negligible during S-1V stage powered
flight.

10.3. 3.2 ENGINE MEASUREMENTS

Measurements were taken for each engine
on the thrustchamber dome in the thrust direction and
on the gear case housing in the radial direction.
Figure 10-15 shows a composite vibration time his-
tory plot for each engine.
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The vibration levels measured on the gear case
housing of engines 2, 4 and 5 were approximately the
same as those measured during the S-I1V-7 stage ac-
ceptance firing, and were as expected. At 220 sec-
onds the vibration levels from engine 5 exceeded the



calibration limits of the telemetry channel (24 Gpy,g)-
After 342 seconds the vibrationlevels dropped to zero
indicating thateither the engine experienced electrical
problems or that the transducer mounting block be-
came debonded from the gear case housing. Since all
engine operating parameters were nominal, it is rea-
sonable to conclude that the high vibration levels
measured between 220 and 342 seconds were caused
by a malfunction of the measuring system and, there-
fore, are not valid engine vibration levels.

The vibration levels on the gear case housing of
engine 3 also exceeded the calibration limits of the
telemetry system (24 Gppg) from S-IV ignition un-
til 273 seconds. After 273 seconds the level dropped
to zero, indicating problems similar to those experi-
enced by the engine 5 gear case measurement. Al-
though the vibration levels measured on the engine 6
gear case appeared normal (4 Grmg): the data con-
tained square waves and must be considered invalid.
The data from the engine { gear case show a 6 Gryg
overall level which is slightly higher than the other
engines. It appears that the higher overall level was
caused by a low frequency shift in the data. The low
frequency shift (5 Hz) is not valid data because it is
impossible for the engine to move at the displacement
indicated (+ 10 cm) by the data.

The vibration levels measured on the thrust
chamber dome of engines 2, 5, and 6 were about the
same as measured during the S-1V-7 stage accept-
ance firing. Engine 1 indicated levels lower than ex-~
pected, An explanation of these low levels cannot be
made at present. The vibration levels measured on
the thrust chamber dome of engines 3 and 4 were un-
usually high (20 and 15 Gy, respectively) during
S-1V stage powered flight; these levels are considered
questionable. The data exhibited the same character-
istics as the data from the case housing of engines 3
and 5, and are considered invalid for the same rea-
sons of possible debonding or electrical problems.

Past experience of battleship and acceptance
firing testing indicates that the thrust chamber dome
and gear case transducer mounting blocks are sus-
ceptible to debonding after several engine firings.
The number of measurements lost during flight could
be reduced by the removal and careful rebonding of
each gear case and thrustchamber dome measurement
just prior to flight.

10. 3. 3.3 COMPONENT MEASUREMENTS

A total of 11 component measurements were
taken on the S-IV forward interstage, LH, tank, and
the aft skirt and thrust structure. The aft skirt and
thrust structure measurements were located on the
helium heater and at the base of the inverter, sequen-
cer, PU computer and ullage rocket. The LH, tank
measurements were located at the attach point between
the cold helium sphere and the LH, tank skin. The
forward interstage measurements were confined to the
telemetry rack, specifically at the base of the telem-
etry rack and at the base of the command destruct
receiver mounted on the rack.

Envelopes of the composite time histories for
components on the aft skirt and thrust structure are
shown in Figure 10-14. Envelopes of the SA-5 and
SA-6 flight measurements are also shown in this
figure. The envelopes show that the component vibra-
tions of the three flights varied less than 2 Grms-
The vibration levels were nominal throughout S-1V
stage powered flight,

The vibration levels for the components in the
LH, tank (cold helium sphere) and forward interstage
(T/M rack) were below the noise level of the telem-
etry system. They are considered to have been neg-
ligible throughout S-1V stage powered flight. The vi-
bration levels at the cold helium sphere were lower
than expected.

10.3.4 INSTRUMENT UNIT VIBRATIONS

There was no significantinstrument unit vi-
bration during S-IV powered flight. The vibration
amplitude during this period was of the same order of
magnitude as the vibration amplitude during the main-
stage period of S-1 powered flight.

10.3.5 APOLLO VIBRATION

The Apollo boilerplate structure vibration
was negligible during S-IV powered flight.

10.4 S-1/S-IV INTERSTAGE

Recovered camera data (see Section 14.8. 2)
revealed debonding of the interstage similar to that on
SA-5. However, the apparent deflection of the inter-
stage on SA-7 was approximately two times that of
SA-5. The information available was not sufficient to
determine the actual cause of thisfailure. An attempt
is being made to instrument future flights in order to
better explain this phenomenon.
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SECTION XI.
11,1 SUMMARY

No unexpected environments were indicated for
the SA-7 flight, Surface pressures and temperatures
onthe S-I-7 and S-IV-7 stages were in good agreement
with past results,

S-1 stage base thermal environment was similar
to previous flight results indicating maximum heating
to the outer region. Simulation (postflight) of the
flame shield total heat rate indicated a level of 30-40
watts/cm? after approximately 70 seconds, This ver-
ified that no convective cooling is present in this area
as would be expected. Engine compartment tempera-
tures indicated that no fires existed in the S-I-7 base.

Compartment pressures and loading on SA-7 were
in good agreement with expected levels.

11,2 S-ISTAGE ENVIRONMENT

11.2.1 SURFACE PRESSURES

Surface pressure environments on the for-
ward and aft S-I-7 tank skirts showed no unusual de-
viations from those measured on previous Saturn I
flights.

A maximum pressure loading of 2, 4 N/cmz(sur—
face pressure minus internal pressure) was measured
across the spider beam fairing at 60 seconds. This
measurement was flown for the firsttime on SA-7 and
the maximum pressure was approximately 0,8 N/cm?
below design value,

11,2.2 FIN TEMPERATURES AND HEATING
RATES

In general, the S-I-7 fin temperatures and
heating rates agreed withthe previous twoflights, The
influence of plume radiation on the fin skin tempera-
tures increased slightly but this influence, as with the
previous flights, was not considered critical.

Fin Base Heating Rates

Fin base heating rates on S-I-7 were similar to
the rates for S-I-5 and S-1-6 (see Fig. 11-1), How-
ever, erratic data were obtained between 1 and 15 km
(40-70 sec) for the total calorimeter measurement
for the SA-7 vehicle.

11,2,3 S-ISTAGE SKIN TEMPERATURES

Good agreement was indicated for the thermal
environment at the forward end of the 1,78 m (70 in,)
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FIGURE 11-1, FIN BASE HEATING RATES

LOX tank betweenthe SA-5, SA-6, SA-7 environments
and withpredicted as shown in Figure 11-2, However,
much higher temperatures were indicated at the same
location 180 degrees around the 1,78 m (70 in,) LOX
tank. These higher values appear to be a measurement
of theambient temperature and not the LOX tank skin
temperatures. A large difference (approximately
60°K) exists between SA-7 and the previous SA-5 and
SA-6 flights for the LOX tank temperatures at Sta.,
14,5 m(569 in.) during the portion of flight when LOX
is against the tank wall, During the remainder of
flight theagreement between the three flights becomes
better with a discrepancy of approximately 15K re-
maining by engine cutoff,

Skin temperatures on the S-I-7 60-degree fairing
were higher than on the previous flights as shown in
Figure 11-3, The reasons for the higher temperatures
are due to the hotter SA-7 launch day and to the fact
that the Thermo-lag had been removed from the S-1-7
fairing,

Tail shroud temperatures for SA-7 and SA-6 are
shown in Figure 11-3. Thermal environment for this
area can be closely approximated considering only
aerodynamic heating effects, indicating little or no
effects from exhaust radiation,
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FIGURE 11-2,

Hydrogen vent pipe temperature on the forward
end reached a maximum value of 320°K and a new
measurement on the leading edge of the vent protrud-
ing from the stub fin reached a maximum value of
360°K (Fig. 11-3). These maximum temperatures
were reached by approximately 110 secondsatwhich
time hydrogen venting occurred,

Inboard engine turbine exhaust duct temperatures
were measured for the first time on SA-7 (Fig, 11-
4), Maximum values measured were within design
limits.

11.2,4 BASE PRESSURES

Measured pressures on the S-I-7 base were
consistent with SA-5 and SA-6 results except at the
higher altitudes where the two SA-7 flame shield
measurements indicated higher pressures (see Fig.
11-5). At approximately 35 km, the pressure level
on the center of the flame shield rose to a maximum
value of 2.2 N/cm? above ambient compared to 1.8
N/cm? above ambient on SA-6. Wind tunnel hot-jet
tests have shownan increase in flame shield pressure
when the ambient (free-stream) pressure is lowered,

Temperaturs (°X)
160

60° Pairing
.

” 1T

280 b—————— —-= T
|
H SA-S, SA-6

Range Time (sec)

Tempersture (°K)
420 e T T ——
SA-5, SA-6 Talk Shroud

|
400 -- —Y—v—f - e

360

/4 Atz Flow

k /8 Sta 19.9 m (785 in)

Yant Plpe |

320 e -

2

- \ J
260
0

20 40 60 80 100 120 140 160
Range Time (sec)

FIGURE 11-3. TEMPERATURE ON SIXTY DEGREE
FAIRING, TAIL SHROUD AND
HYDROGEN VENT PIPE

Measured heat shield pressures were consistent to
those obtained on SA-5 and SA-6; however, two of the
five measurements on the SA-7 heat shield appear to
have failed after 11 km,

11.2.5 BASE TEMPERATURES

Inner and outer region gas temperatures on
S-1-7 were in good agreement with the majority of
measurements on previous flights as shown in Figure
11-6. Maximum temperature in the inner region was
approximately 1160°K at 60 km while for the outer
region a value of approximately 1150°K was reached
at 25 km,

Engine shroud gas temperature, flown for the
first time on SA-7, is compared to outer region gas
temperature (see Fig, 11-7). Good correlation be-
tween the two sets of data is attained after 15 km,
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Good correlation was indicated for the fin base
gas temperature on SA-7 to previous flights. A max-
imum value of approximately 1050°K was obtained at
30 km on SA-T7,

Flame shield gas temperature was in good agree-
ment with past flights (see Fig. 11-7), Maximum
values of 2000°K (5.5 cm aft of surface) and 1600°K
(flush with surface) were measured in the flame shield
region,

11,2,6 BASE HEATING RATES

Generally, the S-I-7 base heat rates, both
total and radiation, agree with the 8-I-5 and S-1-6 base
environments.

Inner and outer region radiation and total heat
rates fell within the SA-5 and SA-6 data band (see
Figs, 11-8 and 11-9).

The high radiation to the engine shroud experi-
enced on the previous flights was not indicated on S-I-
7, although an unexplained rise did occur around 50
km (see Fig. 11-10).
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Total S-I-7 heat rates on the engine shroud cor-
relates well with the S-I-5 and S-I-6 data band ( Fig,
11-10), Radiation heat rates on the shroud during S-
1-7 were initially 26 watts/cm? and dropped off to ap-
proximately 6 to 8 watts/cm? between 12 and 48 km
rising to 12 watts/cm? at 58 km before finally decreas-
ing. Radiation heating to the shroud from SA-5 and
SA-6 does not agree with the SA-7 results but no ex-
planation for this deviation is available at this time,

Previous flame shield total calorimeter surfaces
have been coated with a platinum black coating and
following flow reversal this coating has deteriorated
to the point that data reduction of this measurement
has not been accurate. To circumvent the surface de-
terioration, the SA-7 gauge had the coating removed
leaving a bright copper surface, Because the actual
surface emissivity and absorptivity values were un-
known a parametric study was performed that essen-
tially brackets the postflight simulated values of the
heat rates (see Fig. 11-11), Fair agreement was ob-
tained with the analytical results for a surface emis-
sivity (€) of 0.6 and a surface absorptivity (A) of 0,4
to 0.6,
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Also shown are the radiation heat rates to the
flame shield surface. Contrary to past results, con-
vective heating is indicated late in flight instead of the
previously unexplained convective cooling.

11,2,7 ENGINE COMPARTMENT ENVIRONMENT
Temperatures

Gas temperatures in the engine compartment re-
mained normal throughout flight indicating that no ex-
cessive temperatures or fires existed for S-1-7,

Forward side heat shield structural temperatures
again indicated the presence of water or ice as they
followed the trend of the saturation temperature of
water,

Access chute structural temperature on SA-7 was
much lower than on previous Block II flights, There
is no apparent reason for this difference and since the
previous flights are consistent they are considered
more reliable,

Engine Compartment and Thrust Frame Compartment
Pressures

Pressure environments in the thrust frame com-
partment above the firewall and inthe engine compart-
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ment below the firewall were nearly uniform, as in
SA-6 (see Fig. 11-12), On the average, a general
compartment pressure increase of 0.3 N/em? over
SA-6 is observed in SA-7,

A maximum pressure difference of 0.93 N/cm?
was observed between the engine compartment and the
heat shield at 60 seconds of flight. This localized
rearward loading on the heat shield agrees well with
previous SA-5 and SA-6 results shown for compari-
son,

Loading on the 60-degree tank fairing and on the
shroud below the firewall was less than measured on
SA-6 (see Fig. 11-13),

11.2.8 S-1/S-IV INTERSTAGE PRESSURES

Aft Interstage Compartment Pressures

Pressures in the aft interstage area were moni-
tored during S-I flight by the helium heater chamber
pressure sensor, It should be noted that the interstage
ambient pressure transducer (0-2 N/cmz) that was
installed for the SA-6flight was notavailable for SA-7.

Interstage pressure, in the form of its difference
from free-stream stdtic pressure, is presented in
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Figure 11-14, along with two predicted curves. Ana-
lytical predictions were made by assuming two dif-
ferent interstage vent exit-conditions. The first pre-
diction consideredthe external flow to have no influence
on the discharging a&ir, except in providing a base
pressure behind the air conditioning vent fairing. The
second prediction was based on the assumption that
the external flow not only created a base pressure be-
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hind the air conditioning fairing, but also interacted
with the exhausting air to create a higher local ex-
ternal pressure. The flight results are not in very
good agreement with either assumption.

Detonation Pressures

The detonation pressure switches located near the
separation plane showed no indication of detonation or
over-pressurization of the aft interstage area during
separation.

11.3 S-IV STAGE ENVIRONMENT
11.3.1 SURFACE TEMPERATURES

Forward Interstage Temperatures

External skin temperatures on the S-IV forward
interstage for SA-7 were in good agreement with pre-
dicted and S-IV-6 flight results (see Fig. 11-15).

Heal Flux (watts/cm?)

110, .

|

‘ Radiation
. Ca lortmetep

90 -

Iy,

Total
Calorimeter ®

50 \

40 \
\ /“\ \ End of valid Simulation

30 b N

\/\ g

R

20 f— ol —— - —

10 -

[ 20 40 60 80 100 120 140 160
Range Time (sec)

FIGURE 1i-1i, FLAME SHIELD TOTAL AND

RADIATION HEATING RATES

However, temperatures measured at Sta. 35.9 m
(1414 in.) deviated after 100 seconds due to apparent
debonding of the sensor. Interior skin temperatures
for the forward interstage were in good agreement
with predicted and S-IV-6 results until 115 seconds
where the SA-7 flight temperature level became lower
than predicted.

LH, Tank Temperatures

LH, tank temperatures at Sta. 32.8 m (1290 in.)
were in better agreement with predicted than those
recorded for S-IV-6 (see Fig. 11-15). Good agree-
ment for the initial slopes and general data trends
were observed on S-IV-7 with a maximum deviation
of approximately 14°K occurring at 115 seconds. How-
ever, for the tank measurement Sta. 30.8 m (1211
in.) good agreement with predicted was obtained until
approximately 70 seconds. Flight data leveled off at
this time while the predicted temperature continued
to rise due to aerodynamic heating. Therefore, data
for this location is not considered reliable after 70
seconds.
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Aft Skirt Temperatures

Interior and exterior temperature measurements
were flown at Sta. 29.4 m (1156 in.) for the first time
on S-IV-7. Correlation of the external temperature
with predicted was good until approximately 100 sec-
onds when the measured values began to decrease
slowly (see Fig. 11-15).. Interior surface tempera-
tures were in good agreement with predicted with a
maximum deviation of approximately 8.5°K occurring
at 140 seconds.

Ullage Rocket Fairing Temperatures

Ullage rocket fairing number 2 was instrumented
for the first time on S-IV-7 on the internal surface.
During the early portion of flight, until approximately
80 seconds, measured levels were slightly lower than
predicted (see Fig. 11-15). During the period be-
tween 80 and 100 seconds an increase in heat rate was
encountered which is undefined at this time,

Structural Temperatures During Orbit

Predicted and measured orbital temperature his-
tories of the forward interstage, LH, tank, and aft
skirt are shown in Figure 11-16. Measured tempera-
tures are derived from Ascension Island and Pretoria
data (10 to 30minafter insertion) and from Tel 2 data
(86,6 to 97. 2 min after insertion). No data were ob-
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tained from the sensors located at Sta. 32,8 m (1290
in,) and 30.8 m (1212 in.) on the LH, tank during the
Tel 2 sampling period.

In general, the data showed good correlation with
the predicted temperature histories as shown in Fig-
ure 11-16. However, the data sample from Tel 2
shows a sharp rise and fall over a span of approxi-
mately 6 minutes. This sharp deviation from the pre-
dicted is believed to be the transient response of par-
tially debonded sensors to a changing solar input. The
solar input is changing because of the roll and tumble
rates experienced by the stage.

11.3.2 BASE TEMPERATURES

Base Thrust Structure Temperatures

S-1IV stage thrust structure temperatures located
in Stiffner No. 26 were in good agreement with pre-
dicted levels as well as S-IV-5 and S-IV-6 flight re-
sults (see Fig. 11-17) for the initial 150 seconds of
flight. As on S-IV-5 and S-IV-6, however, the tem-
perature decreased at a more rapid rate for the two
forward locations than was predicted.
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Cloth Closure Temperature

Cloth closure temperatures about engine 3 and 6
were recorded for the first time on S-IV-7. Flight
temperature histories compare well with theoretical
temperature histories which were computed using a
two dimensional heat transfer model of the cloth clo-
sure (see Fig. 11-17). The heat rate inputs for the
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theoretical calculations were 0,85 and 0. 34 watts/em?
for locations A and B respectively.

These heat rates compare to the S-IV-6 heat rate
values of 1.13 and 0,68 watts/cm? for locations on the
heat shield of 0.86 m (33,85 in.) and 1, 52 t 59. 90
in.) radii respectively, On the basis of these data, a
flux of 0.85 watts/cm’ at location A is reasonable,



while a flux of 0,34 watts/cm? at location B seems
somewhat low,

Maximum temperature levels for the cloth clo-
sures were 695°K at location A for the sensor tem-
perature which corresponds to a value of 945*K for
the hot face at the same location, The average hot
face temperature for the cloth curtain was approxi-
mately 850°K. Average cold side cloth closure tem-
perature determined from the heat transfer model was
approximately 625°K between locations Aiand B.

11,3.3 AERODYNAMIC PHENOMENON

Observation of TV films taken during SA-7
flight revealed an interesting aerodynamic phenome-
non. A "halo" of ice crystals formed just aft of the
Apollo nose cone, at approximately Mach = 1, and
existed for about 4 seconds.

The visual "halo' occurred when the SA-7 entered
a layer of high humidity air starting at 6,9 km and
ending at 8.4 km. The ambient air temperature at the
respective altitudes was 262°K and 253°K, Occur-
rence of high humidity air coincidental with flight in
the transonic flow regime (Mach = 1) resulted in this
visual effect, A Prandtl-Meyer expansion at the junc-
tion of the nose cone and the cylindrical section crea-
ted an area of low pressure and low temperature just
aft of the junction. Moisture in the atmosphere con-
densed and froze in this region, and thereby formed
the visible "halo, "

i{1.4 EQUIPMENT TEMPERATURE AND PRESSURE
ENVIRONMENT

11.4.1 S-ISTAGE

Two instrument compartments located im-
mediately above S-I stage fuel tanks F1 and F2 con-
tained instruments which were maintained within sat-
isfactory operating limits, To maintain this environ-
ment within limits, preflight cooling was provided
from a ground source, Listed below are the preflight
temperatures and the required operating limits for
the two compartments,

Preflight Operation Limit
Max Min Max Min
F2 Instrument Com-
partment Temp, (*K) 296 295 313 293
F1 Instrument Com-
partment Temp, (*K) 301 299 323 273

11,4.2 S-IV STAGE

Temperature

S-IV forward interstage (outside the pressurized
Instrument Unitf temperature varied between 298°K
and 287°K during S-I stage flight. Liftoff (also S-1
stage flight maximum) temperature was 298*K or ap-
proximately 5*K below ambient air temperature, The
minimum inflight temperature of 287°K occurred at
70 seconds range time, The foregoing trends were
similar to those for the SA-6 flight,

Pressure

Pressure in the S-IV forward interstage decayed
from ambient at liftoff to 0,4 N/cm? (0.5 psi) at the
end of S-I stage powered flight,

11,4.3 INSTRUMENT UNIT

Temperature

All Instrument Unit component temperatures were
within the operating limits prior to and during flight,
These temperatures were close to those experienced
during SA-6 flight except for the telemetry ambient
temperature. SA-7 telemetry ambient temperature
did not vary as much on SA-7 as observed on SA-6.

Pressure (Conditioned Area)

Pressure was maintained at a satisfactory level
(betwesn 11.1 and 11.8 N/cm? prior to liftoff. At
liftoff the pressure rose to 11,8 N/cm? which was ap-
proximately 0.15 N/cm? below the effective inflight
cooling lower limit to 14 seconds flight time, How-
ever, during the SA-6 flight, this same phenomenon
occurred but lasted for a longer period,

Pressure (Unconditioned Area)

A maximum internal pressure of nearly 0.8 N/cm?
above ambient was observed inside the unpressurized
portion of the Instrument Unit at 58 seconds (see Fig.
11-18), Previous SA-6 data show values about 0.2
N/cm? higher than SA-7 which may be attributed to
the measurement being on the windward side of the
relative air velocity vector for SA-6,
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SECTION XII,
12.1 SUMMARY

The SA-7 vehicle electrical systems operated
satisfactorily during the boost and orbital phase of
flight, All missionrequirementswere met, except the
failure to monitor the three rate gyro measurements
(F42-802, F43-802, and F44-802) for one orbit.
These measurements failed after 41 minutes of flight.
This apparent failure was caused by having the "inflight
control" relay (K25) in the F6 telemeter on the "short
life'" battery. When it became deenergized, the F6
telemeter switched from the "intelligence mode' to the
"calibrate mode" of operation.

On the Saturn IB and Saturn V programs the tele-
meter calibrator will have the "inflight control" relay
deenergized during flight. Until the new calibrator is
implemented into the design the calibrator ""inflight
control" circuit has beenplacedon the "long life" bat-
tery.

12,2 S-I STAGE ELECTRICAL SYSTEM

The electrical system for SA~7 booster was es-
sentially the same as SA-6, The maindifferences were
the addition of two fuel depletion sensors, removal
of the X1 telemeter fromarea 9, the additionof the P2
telemeter in area 12, computer backup for outboard
engine cutoff, removal of the TV camerain area 2, the
addition of inflight fire detection, engine cutoff due to
roughcombustion after cutoff arm, and revision of the
thermal probe circuitry,

The electrical power source for the booster con-
sisted of two identical 28-volt zinc silver oxide bat-
teries, designatedas 1D10 and 1D20. The capacity of
the batteries was 2650 ampere-minutes,

During the boost phase of flight the booster elec-
trical system operated satisfactorily. The 1D10 bat-
tery current varied from 89 to 122, 8 amperes and the
1D11 bus voltage varied from 27.7 to 29.2 vde. The
1D20 battery current varied from 94 to 100 amperes
and the 1D21 bus voltage varied from 28. 5 to 28, 9vde,
Figure 12-1shows the currentand voltage profiles for
the S-I stage.

The output of the eight 5 vdc measuring supplies
located, one each, in the measuring distributors de-
livered a nominal 5 vdc. The master measuring sup-
ply was not telemetered, but could be monitored from
the calibration voltage, The master measuring supply
was nominally 5 vde,
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All EBW firing units used to blow the vent ports,
initiate separation, and fire the retro rockets operated
satisfactorily. The average charging time was 1.4
seconds with & nominal charge of 2400 vde,

12.3 S-1V STAGE ELECTRICAL SYSTEMS

All 8-IV electrical systems functioned normally.
All power requirements were satisfactorily met, and
all sequenced commands were received and executed
at the correct time,

The electrical power system consisted of five
major subsystem components: battery 1 (control bat-
tery), battery 2 (engine battery), instrumentation
battery 1, instrumentation batiery 2, and the static in-
verter,

The voltage and current profiles for battery { and
2areshownin Figure 12-2 along with the voltage pro-
file for the static inverter. The performance of bat-
teries 1 and 2 were satisfactory and the current and
voltages were within the expectedranges. Theoper-
ation of the instrumentation batteries was normal,
with 28 volts output and a total current of 16,2 am-
peres. At launch and at S-IV cutoff, the respective
currents of instrumentation battery { were 10, 8 and
10. 3 amps, and the respective currents of instrumen-
tation battery 2 were 5.4 and 5.9 amps. The differ-
ence was expected because the design power levels of
the two batterieswerenotidentical, The performance
of the inverter was satisfactory. During separation,
the output voltage dropped, as shown, to 108. 8 volts,



A similar voltage drop was observed in the data from
the S-1V-6 flight. It is believed that the pins, which
are connected to the umbilical during GSE preflight
monitoring of inverter voltage, were shorted by an
ionizing of the areaaround the pins by the ullage rock-
ets. This ionization-shorting phenomenon in no way
impaired the operation of the inverter.
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The helium heater exciter ignited the helium heat-
er at 150, 19 seconds. Its operation was normal, and
was verified by proper helium heater ignition,

All monitored EBW firing units functioned proper-
ly in response to their respective commands. Ullage
rocket ignition charge command was given at 141.6
seconds. The ignition command was given at 148,36
seconds.

The Ullage rocket jettisoncharging command was
given at 155,04 seconds. The monitored firing unit
chargedat 155, 17 seconds. The ullage rocket jettison
command was given at 160.44 seconds. The ullage
rocket jettison EBW firing units fired at 160, 46 sec-
onds, at which time all four ullage rockets jettisoned.

i2.4 IU STAGE ELECTRICAL SYSTEM

The electrical system for SA-7 Instrument Unit
was essentially the same as SA-6; the main difference
was the replacement of the program device with the
guidance computer for sequence of events timing. An
additional 270 multiplexer and measuring distributor
wereaddedon SA-7 to handle the added DDAS require-
ments,

The electrical power source for the Instrument
Unit consisted of two 28-volt zinc silver oxide batter-
ies, designated as 8D10 and 8D20. The 8D10 battery
was the "long life' battery andwas rated at 2650 amp-
minutes. The 8D20 battery was the "short life'" bat-
tery and was rated at 1850 amp-minutes,

During the boost and orbital phase of flight the
Instrument Unit electrical system operated satisfac-
torily, except for the failure to monitor the 3 rate gy-
ro measurements. The 8D10 battery current varied
from 46 to 52 amperes, and the battery life was 133
minutes. The 8D11 bus voltage varied from 28.2 to
28.4vdc. The 8D20 battery current varied from 73.6
to 80. 1 amperes, and the battery life was 38 minutes.
The 8D21 bus voltage varied from 28.2 to 29, 1 vdc.
Figure 12-3 shows the current and voltage profiles for
the Instrument Unit batteries, The changes in load
caused by the cycling of the ST-124 heater at liftoff
and after 10 minutes of flight are shown in the per-
formance of the 8D20 battery.
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The 5-volt measuring supply operated satisfac-
torily during flight with a nominal 5 vdc.

The failure of the three rate gyro measurements
was apparently caused by having the 'inflight control”
relay (K25) in the F6 telemeter on the "short life"
battery. This relay is normally energized during
flight, It became deenergized when the bus voltage
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dropped below the hold-in voltage of the relay. This
phenomenon occurred at approximately 41 minutes of
flight, This time is basedon the discharge character-
istics for the "short life" battery at a load of 75 am-
peres because thesignal was lost over Pretoria after
40 minutes of flight, The telemeter calibrator was on
the shortlife battery. With F6in the "calibrate mode"
and the calibratoron the short life battery the charac-
teristic output on the three rate gyro telemeter chan-
nels between 41 minutes and 57,73 minutes of flight
was avoltage slowly drifting towards zero. When the
28-volt battery became less than the 5 vdc measuring
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voltage at 57, 73 minutes there wasa step in the outputs
of the three rate gyro telemeter channels. This step
dropped the output voltage to 0.6 vdc. This output vol-
tage remained constant until the measuring supply be-
came inoperative or until the 5-volt supply was unable
to maintain its output voltage.

All measurementson channels 2 through 15 of the
F6 telemeter were lost after 41 minutes of flight, but
those of prime importance were the three rate gyro
measurements which were on the long life battery.



SECTION XIII.
13.1 SUMMARY

Because of the relatively small angles-of-attack
andresultingengine deflections encountered during the
SA-7 flight, itwasnot possible to make valid analyses
of aerodynamic stability parameters.

Fin leading edge pressure distribution plots at
various Mach numbers indicate the expected higher
pressures at mid-span and tip relief effects.

The base drag coefficient agreed well with SA-6
results, falling generally below predicted: The flight
determined axial force coefficientwas higher than pre-
dictedin the subsonic regime and fell, on the average,
about 20 percent lower than predicted after Machli, 4,

13.2 FIN PRESSURE DISTRIBUTION

To measure localized loadings and pressure
distribution on the Saturn Ifins, four pairs of measure-
ments were located on opposite sides of ¥in II. The
same number of measurements were flown on SA-5
and SA-6, but at different locations., Because of the
small angles-of-attack encountered during the flight of
SA-7, itwas impossible to obtain the pressure loading
perunitangle-of-attack withreliableaccuracy., Lower
and upper surface pressure distribution plots shown in

coefficient form, (Psurface - Pambient) /Q, indicate

the highest pressures occurring near the leading edge,
as expected (see Fig, 13-1). SA-5 data from addi-
tional measurements at Mach numbers and pitch
angles-of-attack similar to SA-7are also shown to ob-
tain a more complete leading edge pressure distribu-
tion, In the transonic and low supersonic regime,
these plots clearly indicate the expected higher pres=
sures at mid-span with a dropoff occurring near the
tips (tip relief effect).

13.3 DRAG

Because of two apparent measurement failures
on the heat shield, data from only three measurements
were used in determining the base drag coefficient.
Nevertheless, results agree well with SA-6 with val-
ues falling generally below predicted (see Fig. 13-2).
Asin SA-6, a maximum peak value of 0.2 was observ-
ed at Mach 1.1, Because of recirculation of hot ex-
haust gases, an expected positive pressure thrust was
observéd beginning around Mach 1,7,

The axial force coefficient was obtainedfrom flight
simulation analyses of propulsion performance (see
Fig. 13-2). A maximum value near 1, 08was observed

AERODYNAMICS

at around Mach 1.1 which is in excellent agreement
with predicted. Flight results were higher than pre-
dictedin the subsonic regime and fell, on the average
about 20 percent lower than predictedafter Mach 1. 4.
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SECTION XIV, INSTRUMENTATION

14,1 SUMMARY

Overall reliability of the SA-7 measuring sys-
tem was 99, 35 percent; this includes 8 measurement
malfunctions that resulted in total loss of information,
Only measurements active at liftoff were considered
in the above percentage, A total of 14 measurements
were scrubbed before launch,

Transmitter radio frequency power on all links
was sufficient to produce desired data coverage of all
planned flight periods. This includes the IU stage te-
lemetry during brbit, However, continuous channels
from link F6 were terminated prematurely due to a
wiring error, The lost data included IU rate gyro in-
formation,

The passenger fire detection system, flown for
the first time on SA-7, operated satisfactorily. No
fires were indicated,

All preflight and inflight calibrations were normal
and satisfactory.

All onboard RF systems performed as expected.
Effects of flame attenuation due to retro rocket firing
were similar to SA-5 and SA-6 and resulted in lost
data from those links not associated with a playback
recorder. Operation of the three airbornpe tape re-
corders (one in the S-I, one in the IU and one in the
S-1V stage) was very satisfactory. The playback rec-
ords were free of retro rocket flame attenuation ef-
fects,

Ninety-one cameras provided optical coverage for
launch of SA-7, Nine of the instruments failed due to
a power failure on camera station 4,

Immediate recovery of the 8 onboard cameras
was impossible because of Hurricane Gladys. How-
ever, two of the eight cameras were discovered ap-
proximately 50 days after launch on San Salvador and
Eleuthera Islands. Good coverage was obtained from
these cameras,

14.2 S-1 STAGE MEASURING ANALYSIS
14,2.1 MEASUREMENT MALFUNCTIONS

A total of 653 inflight measurements was
scheduled for the S-1 stage of SA-7. Seven of the 653
total were scrubbed prior to launch, Two of the 646
measurements active at launch failed completely; six
measurements were only partially successful. Table
14-1 lists the S-I stage measurement malfunctions.
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14,2,2 MEASURING RELIABILITY

Reliability of the S-I stage measuring system
was 99,7 percent, considering only those measure-
ments active at liftoff compared with complete fail-
ures,

One of the combustion chamber pressure meas-
urements, Di-3,was termed as a partial success
(Table 14-I) because of damage sustained to the vi-
brotron caused by a high vibration level at ignition,
The remaining seven combustion chamber measure-
ments were considered to be successful, but only one
of the seven, Di-4, was within the 0, 5 percent meas-
uring error limit, The partially successful measure-
ment, D1-3, contained a 14,85 percent calibration
shift, The next highest percent shift was observed on
D1-7and was 1.91 percent. Two of the measurements,
Di-6andD1i-8, contained shifts that were only slightly
inexcess of the error limit; the shifts were 0. 71 per-
cent and 0. 54 percent respectively.

14.3 S-IV STAGE MEASURKNG ANALYSIS

14.3.1 MEASUREMENT MALFUNCTIONS

Five measurements were complete failures
on the S5-IV stage during powered flight of the SA-7
vehicle, There weré 17 measurements on the S-IV
stage from which acceptable data could be retrieved
during only portions of the flight, However, these
data were in sufficient enough quantity to permit a
proper evaluation of the environment to be measured.
Table 14-II lists those specific measurements which
failed and those which were only partially successful,
along with comments concerning particular malfunc-
tions. Other than transducer problems, only one in-
strumentation system component malfunction occurred
The long-dwell commutator clock, which controls the
sampling duration of channels 9, 10, 17 and 18 on FM
system 3, malfunctioned from liftoff through separa-
tion. The malfunction caused the sample period for
each channel to vary from 3 to 21 seconds, The nor-
mal sample period is 3,0 + 0. 15 seconds per channel,
The data channel duration time is controlled by a re-
sistance-capacitance timed unijunction oscillator cir-
cuit contained in block module A1 of the commutator
assembly. It has been established that the leakage
resgistance between emitter and base of the transistor
tends to decrease and/or vary in many cases, allow-
ing an alternate path to ground, and preventing the
capacitor's normal charge buildup. This, in turn, re-
sults in the noted lengthening of the sampling time,
A production change, incorporated in later models,
places a transistor in an emitter-follower «circuit



TABLE 14-1. S-I AND IU MEASUREMENT MALFUNCTIONS

Meas. No.

E271-4
E272-4
E273-4
D31-4

D30-2

El114-18

E342-18

E338-9

E301-9

168-801

El16-6

Di-3

c3-1

Cc5-1

C9-6

Cl-6

Scrubbed Before Launch

Title
Vibration Actuator
Vibration Actuator
Vibration Actuator
AP Actuator

AP Yaw Actuator

Vibration Rear Spar Flange

Vibration Holddown Point
Fin IT Longt.

Remarks
Cancelled because the actuator was changed
and transducers were not reinstalled.
Same as above
Same as above

Same as above

Meas, Inoperative, inaccessible for
replacement,

Meas, Inoperative, inaccessible for replacement.

Meas. Inoperative, inaccessible for replacement.

Complete Loss of Data

vibration Tank 02
Support Longt.

Strain Comp, F2 Skirt

Sound Intensity Instr, Unit

Output motor boating, probably moisture
in connector at gauge.

Gauge Balance shifted off scale,
Gauge diaphram was damaged during checkout

resulting in the loss of mechanical coupling
to the crystal,

Partial Success

Vibration GOX Line

Probable open cable at 89 seconds,-

Functioning But Not Valid

Pressure Combustion Chamber

Temperature H,S. Pinion
Bearing #5

Temperature Turbine Shaft
#7

Temperature Gas Generator

Temperature LOX Pump Bearing
#1

Vibrotron gauge appears to have been damaged
by an extremely high vibration level at
ignition,

Apparent reversed thermocouple

Reads much lower than measurements on other
engines,

Extremely noisy with different temperature
from other measurements. Discrepancy was in

gauge cilrcuit.

Very little change in reading compared to
measurements on other engines,
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TABLE 14-II, S-IV STAGE MEASUREMENT MALFUNCTIONS
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Meas, No.

C671-400
C672-400
D643-404
D643-406
C606-406
€620-409

€625-401

A600-405

D642-407

E668-409

F613-410
L604-409

D604-401
D604-402
D604 -403
D604 -405
D604-406
D604-407
E624-403
E624-405
E624-406
E623-403
E623-404
€603-405
C668-412
C677-409

€623-417

C603-404

€600-402

C664-410
C674-407

€675-409

Scrubbed Before Launch

Title

Temp, Aft Interstage Skin

Temp. Aft Interstage Skin

Engine 4 Actuator A Differential Pressure
Engine 6 Actuator A Differential Pressure
Engine 6 LOX Pump Housing Temperature

Cold Helium Bottle Gas Temperature #2
Engine 1 Thrust Chamber Out Skin Temperature

LOX Pump Speed-Engine 5

Acoustic Pickup S-1/8-IV Interstage
Internasl

Vibration - Forward Dome Pitch Axis

Ring Mode Accel, Sta., 1250 Fin Plane 2
LH; Point Level Sensor-Locstion A

Partial Success
LOX Injector Differential Pressure - Eng. 1
LOX Injector Differential Pressure - Bng., 2
LOX Injector Differential Pressure - Eng. 3
LOX Injector Differential Pressure - Eng. S

LOX Injector Differential Pressure

:

§-1/8-IV Extensiometer

Vibration-Gear Case Engine 3
Vibration-Gear Case Engine 5
Vibration-Gear Case Engine 6
Vibration-Thrust Chamber Dome Engine 3
Vibration-Thrust Chamber Dome Engine &
LH2 Pump Housing Temperature Engine 5
Temp-Ullage Rocket Fairing No, 2
Temp-LH, Tank External Skin

Temp-Helium Heater Combustion

Temp-LH, Pump Housting-Engine 4
2

Turbine Inlet Temperature Engine 2

Remarks
Measurements covered by §-1 Staye
Fairings.
Same as above,
Transducer Malfunction during checkout,
Sufficient time not available to replace
prior to launch,
Same as above,

Same as asbove,

Same as above,

Possible faflure of 1) the frequency
oscillator, 2) pickup failed to sense
rotstion 3) open circuit in multicoder
input,

Circuitry discontinuity

Possible failure of 1) averaging
amplifier, 2) the coaxial cable,

3) the sccelerometer pickup

Pailure resson unknown

Sensor did not activate

Potentiometer Wiper failure
Same as above

Same as above

Same as above

Same as above

Cable premsaturely separated
Under investigation for:

1) Coaxial cable discontinuity
2) Amplifier malfunction

3) Transducer debonding

Open circuit in temp sensing leg of temp bridge
Trensducer malfunction
Improper contact of bridge module connector pins

Transducer failed in the open circuit
conditfion

Transducer partially debonded

Trend Only (cause of failure under investigation)

Questionable - Under Investigation

Ext. Skin Temp-Forward Interstage-Sta 448
Ext, Skin Temp-Aft Skirt-Sta 190

Ext., Skin Temp-LH7 Tank-Sta 245

Probable transducer debonding
Same as above

Same as above




configuration between the timing capacitor and emit-
ter of theunijunction transistor, effectively insulating
the capacitor from alternate discharge paths.

The malfunction did not actually resultin any loss
or degradation of data. It did, however, prevent equal
time-sharing of the input channels. The problem
cleared up after separation, and the sample durations
returned to near nominal, varying from 3 to 5-seconds
duration for the remainder of the flight, The most
likely explanation of this return to normal is that the
malfunctioning circuit is temperature-sensitive, and
that the increased thrust structure temperature en-
countered during S-IV powered flight caused a fortu-
nate shift in circuit operation. Investigation of this
entire problem is continuing.

14, 3.2 MEASURING RELIABILITY

The flight performance of the S-IV-7 instru-
mentation system was very good. A total of 401
measurements was attempted. By launch time, seven
measurements had developed problems which were
impossible to resolve within launch schedule limita-
tions and were therefore officially deleted, Conse-
quently, there were 394 active measurements aboard
§-IV-7 at launch. Of these, five were complete fail-
ures in that they provided no usable data. This loss
resulted in a measurement efficiency of 98.7 percent.

14,4 INSTRUMENT UNIT MEASURING ANA LYSIS
14,4.,1 MEASUREMENT MALFUNCTIONS

A total of 187 inflight measurements was
scheduled to be flown on the IU of SA-7. No IU meas-
urements were scrubbed prior to launch and only one
measurement failed, TheIU sound intensity measure-
ment L68-801 had a loss of mechanical coupling to the
crystal, This failure was caused by damage during
checkout (see Table 14-1),

14, 4.2 MEASURING RELIABILITY

Reliability of the IU measuring system was
99,5 percent. Only one out of 187 measurements
failed.

14,5 AIRBORNE TELEMETRY SYSTEMS
14,5.1 TELEMETRY LINKS

Data transmission for flight testing Saturn
vehicle SA-7 was effected by thirteen radio telemetry
system links on the combined S-I, S5-IV and IU, An
additional three links (MSC responsibility) were on
the Apollo Spacecraft (see Section XV for Spacecraft

Instrumentation), The following systems were utilized
on SA-T7:

S-1 Stage
Link Modulation Link Modulation
F1 PAM-FM-FM; FM-FM Si SS/FM
¥2 PAM-FM-FM; FM-FM 82 SS/FM
F3 PAM-FM-FM; FM-FM P2 PCM/PM
S-1V Stage
Link Modulation
Dt PDM-FM-FM
D2 PDM-FM-FM
D3 PDM-FM-TFM
Instrument Unit
F5 FM-FM; FM-FM-FM S3 SS-FM
F6 FM-FM; FM-FM-FM; Pi PCM-FM

PAM-FM-FM

Links P1 and P2, PCM systems,also functioned
as Digital Data Acquisition Systems (DDAS) for their
respective stages, The DDAS function was digital en-
coding and transmission of the rodel 270 commutator
outputs of Links F1, F2, F3 and F6 at reduced sam-
pling rates, The primary purpose of the link P2 DDAS
was preflight checkout of the S-I-7 stage; the link P1
DDAS was used primarily for preflight checkout of the
IU. DDAS information was also available from links
P1 and P2 during flight. Insertion of digital data into
the PCM output format worked very satisfactorily.

14,5.2 DATA ACQUISITION

Transmitted radio frequency power on all S-I
and IU stage telemetry links was sufficient to produce
the desired data coverage of all planned flight periods.

Battery life was sufficient to give the orbital te-
lemetry coverage planned, No inflight telemetry cal-
ibrations were executed during orbital flight. An
inflight relay within the F6 telemetry package was in-
advertently overlooked and was connected to the short
life battery, When the short life battery voltage de-
cayed to the dropout point, the relay became deener-
gized causing all continuous data channel relays to go
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to the calibration bus position and therefore data in-
puts were invalid from this time on. This occurred
at a range time of approximately 41 minutes (extra-
polated time),

PCMdata acquisition by means of the predetection
recording system at sites having this capability pro-
duced excellent data results.

The passenger fire detection system was flown
for the first time, Operation of the modules was nor-
mal with no fires indicated, Scattered momentary
indications did appear in some channels. This prob-
lem was also encountered during checkout.

Transmission of all three S-IV links was good
throughout the flight, All transmitters, multicoders,
and VCO's were operational up to 108 minutes after
liftoff. The last recorded data were from Antigua at
that time,

14,5.3 INFLIGHT CALIBRATION

All .inflight calibrations were normal and
satisfactory, There were no inflight telemetry cali-
brations on the IU stage airborne tape recorder play-
back record, nor during orbital telemetry coverage,
Present configuration of the telemetry for SA-9 calls
for the same conditions.

14.5.4 PREFLIGHT CALIBRATION

All preflight calibrations were normal and
satisfactory.

14.6 AIRBORNE TAPE RECORDERS

14,6.1 S-I RECORDER

The airborne tape recorders used for the
SA-7 flight were dual-track recorders capable of re-
cording the mixer-amplifier outputs of two teleme-
ters. The S-I stage contained one recorder which
recorded the output of telemeter F2, The Instrument
Unit contained one recorder which recorded the out-
puts of telemeters F5 and F6. During the playback
mode the transmitter is switched from the mixer am-
plifier to the recorder, The purpose of the recorder
is to record data during the periods when RF dropout
is anticipated due to flame attenuation, retro and ul--
lage firing, look angle, etc,

The telemeter F2 (S-1 stage link) airborne vre-
ceived the signal to record at 39. 34 seconds and to
stop recording at 173.44 seconds range time. Re-
corder transfer signal to playback mode was initiated
at 173, 44 seconds. An elapsed time of 1,46 seconds
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was required for t}}e transfer from record mode to
playback mode, The recorder began playback of data
at 174.90 seconds and completed data playback at
309, 0 seconds., At completion of recorder playback,
modulation was removed from telemeter F2,

Operation of this airborne recorder was satis-
factory and data contained in the playback record is
free of the effects of retro flame attenuation,

14,6.2 S-IV RECORDER

The S-IV tape recorder operation was en-
tirely satisfactory, The malfunction noted during the
flight of S-IV-6 did not occur, Telemetry measure-
ments were taken on S-IV-7 to record vehicle recep-
tion of the following commands: record, stop record,
playback, and stop playback, The tape recorder re-
ceived these commands and responded to them as
planned. However, the playback command was not
actually recorded; but since operations occurred as
planned, the command was received. This measure-
ment, which is on PDM, effectively destroys its own
record by causing systems 1 and 2 to stop the sending
of real time data and to commence the transmission
of recorded data, Had pla)‘back not been effectéd by
this command, it would have been observed in the data
and could have been used in malfunction analysis,

The S-IV recorder received signal to record at
139. 84 seconds and to stop at 169, 64 seconds, range
time. Playback of S-IV recorder information occurred
between 642, 72 and 672, 79 seconds.

14,6.3 IU RECORDER

The telemeter F5 and F6 (Instrument Unit
links) airborne recorder receivedthe signal to record
at 139,54 seconds and to stop recording at 169, 64
seconds, range time, Recorder transfer signal to
playback mode was initiated at 642, 72 seconds. An
elapsed time of 1,62 seconds was required for the
transfer to the playback mode. The recorder began
playbackof data at 644,34 seconds and completed data
playback at 672, 79 seconds,

Operation of this airborne recorder was good and
data contained in the playback record are free of the
effects of retro flame attenuation,

14,7 RADIO FREQUENCY ANALYSIS

All onboard RF systems performed as expected,
Effects of flame attenuation were more severe on this
flight than previous flights and resulted in lost data
for the Apollo and S-1I stage links,



14.7.1 TELEMETRY

Telemetry signals were received from liftoff
through orbital insertion, by the stations listed in the
telemetry summary chart, Figure 14-1.

14.7.2 TRACKING

Azusa/GLOTRAC

The new antenna system produced improvement
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FIGURE 14-1.

All stations experienced signal dropout at retro
rocket ignition as expected. Flame attenuation was
quite severe at all uprange telemetry sites. Cape Tel
2 experienced approximately 40 seconds of attenuation
with the signal dropping to threshold level during part
of this period for the Apollo and S-I stage links.

Unexplained signal fluctuations were observed at
Cape Tel 2, Cape Tel 3, New Smyrna and Vero Beach
between 190 and 290 seconds.

All stations saw signal fluctuations resulting from
Launch Escape System (LES) jettison.

400

Raoge Time (mcc)

RF SYSTEM PERFORMANCE

in some regions while failing to meet expectations in
others. An Azusa/GLOTRAC summary is shown in
Figure 14-1. It is observed that the Mk II and Atlan-
tic sites:suffered phase unlocks at retro rocket firing
but experienced no noticeable main engine flame ef-
fects. Simultaneous three-station tracking was ob-
tained from 165 until 437 seconds and from 598 until
645 seconds, giving about 319 seconds of usable track-
ing data.

The signal threshold levels and corresponding

phase unlocks between 440 and 590 seconds were a
result of improper handover techniques at the San
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Salvador transmitter. Steps have been taken to pre-
vent this happening on future flights.

14,7.3 MISTRAM

MISTRAM AGC data was much improvedover
previous flights (a2 summary is shown in Fig. 14-1).
As with all RF systems, a dropout occurred at retro
rocket ignition and lasted about 3 seconds at MISTRAM
I, MISTRAM 0 had large attenuation spikes at retro
ignition and termination. The signal between these
spikes was attenuated but usable. This same phenom-
enon occurred with the C-band radar systems.

Handover at 350 seconds resulted in a 20 db drop
at MISTRAM 1I lasting 5 seconds. MISTRAMI dropped
to threshold and remained until re-acquisition at 375
seconds. Good signal levels were observed until 598
seconds.

14.7.4 C-BAND RADAR

AGC data received from the operating radar
stations were excellent. Cape radar had a signal
dropout from 77 to 110 seconds attributed to a polari-
zation null, and Grand Turk experienced a dropout
from 400 to 472 seconds. The latter resulted when
another radar station interfered with the Grank Turk
interrogations.

Retro rocket effects were similarto MISTRAM II,
i.e., attenuation spikes at ignition and termination
with normal (10 db down) signal between. A summary
of C-band AGC is shown in Figure 14-1.

14.7.5 ODOP

The ODOP system operated as expected and
provided useful data until approximately 500 seconds
with intermittent losses occurring during the flame
and retro rocket periods. An ODOP AGC coverage
summary is shown in Figure 14-1,

14.7.6 ALTIMETER

The data from the altimeter were excellent.
Good data were received from 167 to 795 seconds with
intermittently usable data prior to 167 seconds.

14.7.7 MINITRACK

Mandy Minitrack operated satisfactorily dur-
ing poweref flight and in orbit, Minor flame attenua-
tion was noted from 100 to 137 seconds and retro
rocket ignition caused a 6. 5-second dropout period at
148.46 seconds. LES jettison was also observed at
this site. Summary coverage is shown in Figure 14-1.
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14.7.8 TELEVISION

The television AGC curves indicate that good
data were received between 20 and 115 seconds. At
115 seconds, flame attenuation caused a signal drop
of about 20.db which recovered at 136 seconds. Retro
rocket firing resulted in a 2, 5-second signal dropout
period, A summary is shown in Figure 14-1. Picture
quality throughout the flight coverage was excellent
except during retro rocket burning and separation
when the picture was momentarily blacked out, One
of the camera lemmes (screw on type) came loose at
separation, but did not greatly affect the picture qual-
ity.

14.7.9 COMMAND

The guidance command experiments per-
formed at the Cape and at Ascension Island were per-
formed successfully.

Destruct command systems performed as ex-
pected.

14.7,10 RF SYSTEMS ANALYSIS (S-IV)

The RF performance of S-IV-7 was satis-
factory. Data from link 3 of Tel 2 were noisy from
approximately 350 seconds until'loss of signal. Links
1 and 2 were satisfactory during this time. However,
Antigua data showed no appreciable noise after 410
seconds on link 3. Forward and reflected power
measurements were steady throughout flight except at
staging. It was apparent from tape recorder data that
the forward power dropped and the reflected power in-
creased, indicating that the plume from the retro and
ullage rockets seriously affected the antenna imped-
ances, Based upon limited orbital data information
(Tel 2 and Tel 3), it is evident that the recorded sign
nal strengths were substantially improved over those
of S-IV-6. From a launch phase plot of link D2 {Tel
2), a serious drop occurred at approximately 125 to
140 seconds. This drop was caused by main engine
flame attenuation,

14.8 OPTICAL INSTRUMENTATION

An optical instrumentation system consisting of
91 instruments was installed through the Air Force
EasternTest Range to providea film recording of the
performance and operation of the SA-7 vehicle during
liftoff and through powered flight. Visual inspection
of the vehicle and ground support equipment furnished
information that substantiates findings of the other
methods of instrumentation and also reveals pertinent
facts that cannot be recorded by other means.



The overall coverage obtained for SA-7 was sat-
isfactory. Out of 91 instruments, 9 failed to operate
due to a power failure on camera station#4, Timing
from camera start was recorded on all film except
one sway camera., Usable time indexing (time dis-
placement between an exposed frame and its reldted
timing mark) was only recorded on the tracking cam-
eras,

14,8.1 ENGINEERING SEQUENTIAL CAMERAS

Seventeen instruments were located on the
launch pedestal to observe the launcher ground support
equipment (GSE) and the aft section of the vehicle
prior to and during liftoff, The GSE observed were
the eight holddown arms, short cable mast Il and IV,
and the LOX fill and drain mast.

All eight holddown arms appeared to operate nor-
mally, However, the cap on the shoe pivoted on the
end of the holddown arm at stub fins I-II, and II-IV
fell after arm retraction, Cameras viewing the hold-
down arms were unrestrained and vibrated excessively
prior to liftoff,

Short cable masts II and IV appeared to retract
normally,

The LOX fill and drain mast appeared to retract
normally, but was obscured by smoke and ice when
released from the vehicle.

No movement of the heat shield during engine ig-
nition was perceptible, The aft section of the vehicle
(engines and heat shield) appeared to operate satis-
factorily with no damage seem

First motion of the vehicle liftoff was defined by
the records received from two cameras positioned for
this purpose,

Inaddition to the launch pedestal cameras, twelve
cameras located on the umbilical tower viewed the
upper ground support equipment of the launch complex
and forward section of the vehicle, Cameras were lo-
cated at the 14, 6 m leveltto view the fuel fill and drain
mast, and at the 36 m level to view the vehicle inter-
stage, These two camera groups obtained excellent
film coverage of this area and the latter was used to
determinedvehicle vertical displacement for the first
5.8 m of flight, even though the camera operated at
three-quarters its programmed speed.

Seven cameras on the umbilical tower were ore
iented to cover the four swing arms, Three arms
functioned properly; arm number three did not, The
LH, vent line on this arm did not disconnect when the

umbilical connector pneumatic system opefated, but
was disconnected when the mechanical release was
a~tuated by the swing arm rotation,

Complete 360-degree surveillande of the launch
facility and vehicle was provided by a system of 44
fixed cameras at various sites within the proximity of
the launch facility. Of these 44 cameras, 35 operated
properly. The failure of the nine cameras to operate
was caused by power failure on station 4, "Vehicle
liftoff was recorded by the fixed cameras for a dis-
tance of three vehicle lengths. No malfunctions dur-
ing this time were observed.

14.8.2 ONBOARD CAMERAS

Eight onboard optical cameras were on the
SA-T vehicle. All eight cameras operated as pro-
grammed and were ejected. Immediate recovery of
these cameras was impossible because of Hurricane
Gladys in the impact area, However, two of the cam-
eras were recovered on San Salvador and Eleuthera
Islands. Good coverage was obtained from these cam-
eras,

14.8.3 TRACKING CAMERAS

Sixteen long focal length, ground based track-
ing telescopes recorded operation of the vehicle from
launph through jettison of the launch escape system
tower. Cameras within this system were used to re-
cord the exhaust flame pattern. A change in the flame
pattern of the outboard engines was observed approx-
imately 15,7 seconds after liftoff. Prior to this, a
dark area in the flame pattern extended downward ap-
proximately 1.5 m from the engine nozzles. This
dark #rea decreased to approximately 0.3 m in length
at 15.8 seconds range time. A similar dark area has
been observed on previous flights and attributed to the
presence of fuel rich turbine exhaust gases introduced
by the outboard engine aspirators. This same condi-
tion occurred again for this flight.

Retro rocket ignition and burning were observed
by the tracking telescopes. All rockets appeared to
ignite simultaneously and burn for 3.33seconds. Sep-
aration was also observed, as well as the trajectory
of the S-IV stage through jettison of the Launch Es-
cape System tower,

14,9 ORBITAL TRACKING AND TELEMETRY
SUMMARY

14.9.1 TRACKING

Orbital tracking of the SA-7 was conducted
by the NASA Space Tracking and Data Acquisition
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Network (STADAN) and the Manned Space Flight Net-
work (MSFN), composed of the ghobal network of
Minitrack stations and Minitrack optical tracking sta-
tions (MOTS). The MSFN, supported by elements of
DOD, is a global network of radar tracking stations,
Additional tracking support was provided by the Smith-
sonian Astrophysical Observatory (SAQO), and the
North American Air Defense (NORAD),

The last beacon track of the orbiting vehicle was
4.5hours after liftoff by Hawaii, All subsequent radar
tracking was skin-track, It can be seen that the skin
track mode was successful on SA-7 as it was on SA-6.
The last skin track of the vehicle was at 11:18:53
U.T. ,September 22, 1964, by Wallops Island, Vir-

During the first day of orbital flight there were
six Minitrack passes. After the first day there was
an average of nine Minitrack passes per day for the
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vehicle lifetime. The last vehicle contact was a Mini-
track beacon signal received on 136 mc telemetry by
Kano, Nigeria,on revolution 59 at 11:33:39 U, T., Sep-
ember 22, 1964,

There were four optical observations ( Baker-
Nunn Camera) reported by SAO and two optical ob-
servations (MOTS) reported by STADAN, No com-
ments have been received concerning the stellar
magnitude of the orbiting vehicle. Thirteen NORAD
observations were reported,

14.9.2 TELEMETRY

Link F5 telemetry was the first link out and
ceased transmitting between Pretoria, South Africa,
and Carnarvon, Australia, The last link to be re—
corded was the spacecraft Channel A at South Point,
Hawaii,more than seven hours after liftoff,
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SECTION XV. SPACECRAFT

15,1 SUMMARY

This was the second Saturn flight to carry a
Boildrplate Apollo spacecraft (BP-15). A descrip-
tion of the BP-15 spacecraft, as flown, is given in
Appendix A and in Reference 5. The purpose of this
flight test was to demonstrate the compatibility of the
spacecraft with the launch vehicle, to determine the
launch and exit environmental parameters for design
verification, and to demonstrate the alternate mode
of escape tower jettison, utilizing the launch escape
and pitch control motors, Primary differences be-
tween the BP-15 spacecraft and the BP-13 spacecraft,
flown on the SA-6 mission, were the installation of an
instrumented simulated reaction control motor quad
on the service module, relocation of some sensors,
and the installation of live launch escape and pitch
control motors in the launch escape subsystem. All
mission test objectives were fulfilled.

15,2 SPACECRAFT PERFORMANCE (Ref. 5)

All mission test objectives were fulfilled by the
time of orbital insertion, and additional data were ob-
tained by telemetry through theNManned Space Flight
Network until the end of effective battery life during
the fourth orbital pass. Radar skin tracking was con-
tinued by the network until the spacecraft reentered
over the Indian Ocean during its 59th orbital pass,

During the countdown, there wereno holds caused
by the spacecraft, Allspacecraft subsystems fulfilled
their specified functions throughout the countdown and
the planned flight test period. Engineering data were
received through telemetry from all but two of the 133
instrumented spacecraft measurements for the full
flight test period of the mission,

The instrumentation subsystem was successful
in determining the launch and exit environment, and
telemetry reception of the data was continuous through
launch and exit except for a short period during ve-
hicle staging., Battery life exceeded the launch plus
one orbit requirement, with main battery A providing
at least 7 hours and 38 minutes of useful power, and
mainbattery B providing at least 5 hours and 20 min-
utes of useful power,

The launch escape tower jettison by the alternate
mode was successful, Positive ignition of the pitch
control motor could not be determined; however, the
general trajectory indicated that it operated properly.
The launch escape motor, together with the pitch con-

trol motor, carrked the tower structure safely out of
the path of the spacecraft, On the basis of design
values, the maximum tumbling rate (approximately
675 deg/s) observed during the launch escapemotor
burning period indicated possible yielding of the LES
ballast mounting plate but no separation.

All strain gauge, pressure, and accelerometer
measurements indicated that the spacecraft performed
satisfactorily in the launch environment, Command
module conical surface static pressures correlated
closely with wind tunnel data, and the product of
angle-of-attack and dynamic pressure (caq) did not
exceed 4,78 deg N/cm? (1000 deg lbg/ft?). The vent-
ing system of the service module performed satis-
factorily.

A 1.8 g, peak-to-peak, 10 Hz vibration was noted
during holddown, Other vibration modes were similar
to those experienced during the BP-13 spacecraft
flight. One of the simulated reaction control subsys-
tem guad assemblies was instrumented for vibration
on the BP-15 spacecraft flight, The measured vibra-
tion levels were above the design limit,

The strain measurements in the command module
and service module indicated that all bending moments
are within the design limits.

The launch heating environment of the BP-15
spacecraft was similar to that encountered by the BP-
13 spacecraft, Peak values at most points for the
two flights were approximately equal; however, the
influence of surface irregularities, as well as cir-
cumferential variations in heating, was somewhat dif-
ferent for the two flights because of differences in
trajectory and angle-of-attack. Both command and
service module heating rates were within the predicted
range. The heat protection equipment on the launch
escape subsystem (LES) was subjected to tempera-
tures much lower than the design limits which were
established on the basis of an aborted mission.

Flight data from the instrumented simulated RCS
quadassembly differed from the values issued for de-
sign criteria for the RCS. Additional investigation
and analysis will be necessary to complete the design
and flight data criteria,

Satisfactory engineering data, covering desig-
nated parameters of spacecraft environment for a
SaturnV type launch trajectory, were obtained for use
in verifying launch and exit design criteria.
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CONTIOE N Tk

SECTION XVI.,

The flight test of Saturn SA-7 did not reveal any
malfunctions or deviations which could be considered
a serious system failure or design deficiency. How-
ever, a number of deviations did occur and are sum-
marized,

Corrective measures were recommended by the
MSFC Laboratory concerned for some of the items
listed, These are marked withan asterisk. Each item
is listed in the area where the deviation and/or mal-
function occurred.

Launch Operations

1. Inadvertent Firex System activation on the
service structure during air conditioning duct removal
(Para, 3.4.1).

2. 8-1hydraulic pumptemperature OK interlock
malfunction (Para. 3.4.1).*

3. Problems with Eastern Test Range Instru-
mentation (ETR) (Table 3-1I),

4. Swing Arm 3was disconnected by mechanical
release instead of umbilical connector pneumatic sys-
tem operation ( Para. 3.7. 3).

Propulsion

1. S-Istage combustion stability monitor on en-
gine 3 indicated large pressure disturbances during
ignition ( Para, 6.2, 3).

2, The flight fuel and LOX specific weights are
significantly different from predicted due to tempera-
ture change (para. 6.2, 3).

3. Higher than predicted S-IV cutoff impulse
(Para, 6.7,3.4).%

4. Minimum required LHy pump inlet conditions
were not achieved for approximately 30 seconds ( Para,

6.8.1.1).

Guidance and Control

1. Some evidence for an external moment act-
ing in both pitch and yaw planes with a shape related
to dynamic pressure was noted (Para. 7,3,1.1 and
7.3.1.2).

2. Large stabilized platform leveling and azi-
muth alignment errors caused the actual space-fixed

SUMMARY OF MALFUNCTIONS AND DEVIATIONS

velocity vector at S-IV cutoff to be 1.8 m/s larger
than the digital computer value (Para. 7.6.1 and
7.6.2), %

3. The digital computer's gravity term was
slightly in error before liftoff (Para, 7.7.1).*

4. The digital computer sequencing discretes
were issued with a small time delay (Para, 7.7.1).%

Orbital Attitude

1. Radar skin tracking signal strength analysis,
though inconclusive, indicates a vehicle tumble rate
of approximately 6 deg/s at the end of orbital venting
(Para. 8,2).

Separation

1. Evidenceindicates that there was a large to-
tal misalignment (1.2 deg + 0.2 deg) of the ullage
rockets (Para, 9.1 and 9.2, 2).
Structures

1, The measured vibrations for combustion
chamber domes of engines 1, 3, 5 and 7 were incon-
sistent with previous static and flight test history
(Para, 10.2,4,2).

2. Debonding of aft interstage after separation

(Para, 10.4).

Vehicle Electrical Systems

1. Aninflight control relay for link F6 was con-
nected to the short life battery instead of the long life
battery (Para. 12,4). %

2. S-IVinverter output voltage dropped momen-
tarily at separation ( Para, 12, 3).
Instrumentation

i. A total of 8 measurement malfunctions re-
sulted in total loss of information (Para, 14.1),

2. A total of 14 measurements were scrubbed
before launch (Para. 14, 1),

3. The long-dwell commutator clock malfunc-
tioned from liftoff through separation (Para. 14, 3, 1).
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APPENDIX A

VEHICLE DESCRIPTION

A.1 SUMMARY

The flight of Saturn SA-7 was the third flight

test of a Block II Saturn I research and development
vehicle, and involved the second consecutive success-
ful orbiting of the Boilerplate Apollo command and
service modules. The vehicle, which measured ap-
proximately 58 m (190.4 ft) in length, consisted of
four distinct units: the uprated S-I stage, S-1V stage,
Instrument Unit, and Boilerplate Apollo command and
service modules (Fig. A-1). The changes which dis-
tinguish this vehicle from the SA-6 flight vehicle in-
clude:

i. FElimination of the S-IV LOX tank backup
pressurization system.

2. Addition of non-propulsive venting system on
S-1IV stage.

3. Elimination of ST-90S stabilized platform
system and supporting equipment.

4, ST-124 system and control rate gyros active
in vehicle control from liftoff.

5. Live launch escape and pitch control motors
used to eject launch escape system.

The following is a description of the four major
components of the vehicle.

A.2 S-ISTAGE

A cluster of eight uprated H-1 engines powered
the S-I stage (Fig. A-2) producing a total sea level
thrust of 6,67 million Newtons (1.5 million 1b). The
four outhoard engines were gimbal mounted to provide
pitch, yaw, and roll control, All engines were canted
to minimize the disturbing moments that would be in-
duced by an engine failure at critical dynamic pres-
sure. Propellants were suppliedtothe engines through
suction lines from an arrangement of nine propellant
tanks. These tanks consisted of four 1.78 m (70 in.}
diameter fuel tanks, four 1.78 m (70 in.) diamcter
LOX tanks and a 2.67 m (105 in.) diameter center
LOX tank. Each outboard tank ( LOX and fuel) sup-
plied propellants to one inboard and one outboard en-
gine. The center LOX tank supplied the cutboard tanks
through the LOX interchange system. Thrust and
longitudinal loads were carried by the pressurized
LOX tanks. The propellant tanks were retained at the
forward end of a structural member called a spider

beam. Four 151,240 N (34,000 lb) thrust solid pro-
pellant retro rockets on the spider beam decelerated
the S-1 stage for inflight separation from the S-IV
stage,

Four large fins and four stub fins were attached
to the base of the S-1 stage to provide flight stability
plus support and holddown points at launch. Each
large fin projected an area of approximately 11.24 m?
(121 ft%) and extended radially about 2.74 m (9 ft)
from the outer surface of the thrust structure, Four
stub fins were attached midway between the main fins,
Stub fins II, Iil and IV also provided enclosure and at-
thechment for the three 0.0348 m (12 in,) diameter
ducts used to exit chilldown hydrogen from the S-IV
stage. Four fairings between the larger fins and stub
fins enclosed the inboard engine turbine exhaust ducts.

A.3 S-IVSTAGE

Six gimbal mounted RL10A-3 engines, provid-
ing 400,340 N (90,000 1b) total thrust at an altitude
of 60,960 m (200,000 ft) , powered the vehicle during
the S-IV stage portion of powered flight. The engines
were mounted on the thrust structure with a six-
degree outward cant angle from the vehicle longitud-
inal axis. Fach engine had a gimbal capability of a
plus or minus four-degree square pattern for pitch,
yaw, and roll control. The S5-IV stage (Fig. A-3)
carried approximately 45,359 kg (100,000 1b) of usa-
ble liquid hydrogen and liquid oxygen.

The LH, (fuel) system consisted of a cylindrical
container with a bulkhead at each end. LH, flowed
from the container through six suction lines, each of
which connected to one RL10A-3 engine.

The LOX system consisted of a 35.74 cubic me-
ters (1262 cubic ft) container. Vacuum-jacketed suc-
tion lines transferred the LOX from the container
through the antivortex screen, filter assembly and
sump cone, The lower suction line flange ends were
connected to the LOX inlet-flange on each engine.

The thrust structure provided engine thrust trans-
fer to the LH, and LLOX container.

Four 15,125 N (3400 1b) thrust solid propellant
ullage rockets provided proper positioning of the pro-
pellants prior to the S-1IV stage ignition.

A,4 INSTRUMENT UNIT
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\ f THRUST STRUCTURE
LHz MAKEUP SPHERE ’
HELIUM HEATER AND l,::ianS(UTCYg(;N
AMBIENT SPHERE :

AFT INTERSTAGE\ ;

HEAT SHIELD
ENGINES (6)
HYDROGEN
Ve
STACK (3)
[
BLOWOUT .
PANEL(S) .
:;‘av
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The Instrument Unit ( Fig. A-4) located between
the S-IV stage and the payload, provided an environ—
mentally conditioned compartmentto house electronic
equipment. Structurally, this unit consisted of four
1.02-meter-diameter (40 in,) tubes extending radially
from a 1.78-meter-diameter (70 in.) center tube.
The overalldiameter and length were 3.91 m (154 in.)
and 2,31 m (91 in,) respectively. The equipment in-
stallation included guidance and control, telemetry,
tracking, electrical power sources, and distributors,
The ST-124 system and control rate gyros were active
in vehicle control from liftoff.

A.5 PAYLOAD

The Apollo Boilerplate 15 (BP-15) spacecraft,
shown in Figure A-5, was of a configuration essen-
tially the same as that of the BP-13 spacecraft flown
on SA-6 (Ref. 6 and 7). The primary differences
were as follows:

The LES motors for pitch control, tower jettison,
and launch escape were live. However, there were

COMPARTMENT I
POWER & CONTROL
PACKAGE

COMPARTMENT I
ACTIVE GUIDANCE
PACKAGE

INSTRUMENT UNIT

FIGURE A-4,

CENTER COMPARTMENT

no initiators installed in the jettison motor, and the
wiring' circuit from the sequencers to this motor was
purposely not completed so as to simulate a jettison
motor failure. The alternate mode of tower jettison
(by firing only the launch-escape and pitch-control
motors) was used,

Four simulated RCS quad assemblies were at-
tached to the upper portion of the SM exterior, 90 de-
grees apart, In order to duplicate the aerodynamic
characteristics of the production units, the simulated
units were similar in size and shape and were ar-
ranged on the SM in the same location as they would
be found on the production spacecraft, The RCS quad
assembly located near the Fin Iaxiswas instrumented
to provide temperature and vibration measurements.

The spacecraft weight when inserted into orbit
was 7816 kg (17,231 lbm); the spacecraft weight at
liftoff was 10,813 kg (23,838 lbm). The BP-15 space-
craft weight was greater than that of BP-13 space-
craft by 94.3 kg (208 lbm) at orbit insertion and 134
kg (295 lbm) at liftoff.

COMPARTMENT T
INSTRUMENT & TELEMETRY
PACKAGE ‘

APOLLO SPACECRAFT
INTERFACE

COMPARTMENT I
PASSENGER GUIDANCE
PACKAGE :

ACCESS DOOR

INSTRUMENT UNIT
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Acceleration

longitudinal, 18, 22

rotational, 68
Accelerometer

control, 50

engine 4 yaw actuator, 72

escape tower pitch and yaw, 70

nose cone pitch and yaw, 70
Acoustics

levels, 76, 77, 78, 79
Acquisition

PCM data, 97, 98

systems, 97, 98
Actuators

deflection, 53

gimbal, hydraulic, 31
Aerodynamic

stability parameters, 93
Altimeter

data, 18, 100

radar, 18
Altitude

apex, 18, 21, 22

apogee, 18, 22

breakup, 18, 23

flight simulation, 33, 34

perigee, 18, 22

vehicle, 18, 20

Angle
gimbal, 68
pitch, 22

Angle-of-Attack
fin-mounted sensor, 45, 50, 51
Q-ball sensor, 45, 50, 51
vehicle, 67, 68, 93
winds, 45, 46, 47

Angular Rate
roll, 61, 63
S-IV cutoff, 61
S-1IV roll, 65
spin, 63
tumble, 61, 62, 63
vehicle, 61, 63, 65, 66

Apogee
altitude, 18, 22

Apollo
acoustic environment, 77
command module, 105
instrumentation, 103
performance, 103
power supply,103
reentry, 103
service module, 105, 109
stage link, 98

structural vibration, 76, 79
S-IV payload, 1§
test objectives, 103
tracking, 103

Arm
holddown, 10, 101
holddown vibration, 70
swing, 5, 7, 10, 11

Assembly
LOX filter, 105
RCS quad, 109
Atmospheric

conditions at launch, 5, 6
Hurricane Cleo, 6
Hurricane Dora, 6
Hurricane Gladys, 2, 6, 94, 101
U. 8. Standard Reference, 21
Attenuation
retro rocket flame, 94, 98, 100
RF dropout, 98, 99, 100
RL10-A flame, 100
Attitude
error signals, 45, 46, 53, 67
vehicle, at insertion, 61
vehicle, control, 31
Axial
forces, 70
load, 70
Azusa, 99

Battery
capacity, 90
control, 90
8D10, 91, 92
8D20, 91, 92
engine, 90
instrumentation numbers 1 and 2, 90
main, A, 103
main, B, 103
Beam
spider, 31, 69, 80, 105
Bending
amplitude, 68
body, 70, 78
fin, 70, 71
moment, 69
oscillations, 68, 70
pitch and yaw, 68
Blockhouse
redline values, 11
Burn Time



retro rocket, 30, 31, 32
S-1, 18, 19, 28
s-1v, 18, 19

Calibrations
inflight, 94, 98
preflight, 94, 98
Camera
Baker-Nunn, 102
capsules, 6
coverage, swing arm, 101
engine compartment TV, 30
engineering sequential, 101
exhaust flame coverage, 101
launch facility coverage, 101
onboard, 94, 101
purge pressure gage, 11
television, 100
tracking, 101
umbilical tower, 101
vehicle liftoff coverage, 101
Center of Gravity
offset, 46
S-1I offset, 66
S-IV offset, 49
vehicle offset, 13, 14, 17
Chilldown
cycle, 30
period, engine, 34
Coefficient
axial force, 26, 93
base drag, 93
Combustion Stability Monitor, 10, 26
Commutator

clock, 94

model 270 output, 97
Computer

flight control, 31, 53
Control

accelerometer, 50, 53
design parameters, 47
environmental, system, 10
flight computer, 53

helium heater valve, 37
rate gyros, 105, 109

S-1I stage flight, 45

S§-IV pneumatic, 40

S-1V stage flight, 48
valve, GOX flow, 30
valve, LOX replenishing, 30

Cooldown
exhaust vent, 67

LH,, 33

LOX pump, 39
Countdown

recycle, 5, 6, 7, 8, 10
Cutoff

events, 31

IECO, 25, 31, 76

impulse, 35, 36

LOX starvation, 31

OECO, 18, 22, 25, 31, 65, 66, 76
probe, LOX level, 31

probe, propellant, 31

sequence, 31

s-Iv, 18, 21, 22, 33, 35

D

Deflections
actuators, 53
engine, 43, 93
Deviations, 104
Displacements
separation, 65, 66
vehicle, vertical, 101
Drag
simulated, shape, 26
Duct
air conditioning, 7
boattail, ECS, 10

Electrical
1U systems, 91
support equipment, 10
system operation, 90
S-I power source, 90
S8-1 stage system, 90
S-1V power source, 90, 91
S-IV stage system, 90, 91
Engine
cooldown period, 34
H-1, 24, 31, 65, 105
individual performance, 34
mixture ratio, S-IV, 33, 34
power level, 28

RL10-A performance characteristics, 33, 34

Environmental

temperatures and pressures, 80
Events

cutoff, 20



times of, 20
Exhaust

gas, 101

turbine, 29, 105

Fin
accelerometers, 70
angle-of-attack sensors, 45, 50, 51
base gas temperatures, 82
base heating rate, 80
bending, 70
main, 31, 105, 109
presgure distribution, 93
pressure loading, 93
pressure measurements, 92
skin temperature, 80
stub, 30, 70, 105
First Motion Time, 21, 101
Flow Rate
GH,, 36
mass, total propellant, 33
Flutter, 71
Force
total longitudinal, 26
Fuel
depletion sensors, 90
engine jackets, 9
fill and drain mast, 101
LH, loading, 9, 10
LH, main fill valve, 9, 10
LH, mass level, 10
LHy pump inlet conditions, 36, 37
LH, system, 105
LH, tank vents, 9
LH, transfer line, 9
LH, vent line, 9
pumps, 29
sensing probe, 7, 9
specific weight, 7, 9
tanks, 29

GLOTRAC, 18, 99

GN,
hazard proofing system, 11
pressure supply sphere, 30
triplex spheres, 30

GOX
flow control valve, 30
line vibration, 73
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Ground Support Equipment, 5, 10

engine service platform, 10

flame deflector, 11

holddown arms, 101

LOX umbilical drain lines, 11

service structure, 7

swing arm, 5, 10, 11, 101

umbilical connection pneumatic system, 5, 11,101
umbilical tower, 11

visual inspection, 1060

water quench hoses, 10

Guidance

command experiments, 100
computer error, 18

data, 18

path initiation, 43

path program, 43

ST-124 system, 43, 45, 105, 109
system performance, 45, 46
S-1IV initiation, 49

Gyro

rate, 51, 105, 109
rate, measurement, 91, 92

H
Heater
helium, 91
ST-124, 91
Heating

S-1-7 base, rate, 82

engine shroud, 85

helium heater flux, 39

LH, tank input, 63, 64
spacecraft, aerodynamic, 103

Heat Shield

movement, 101
pressures, 81

Helium

cold, bubbling, 39

cold, sphere vibrations, 74, 79
cold, supply pressure and temperature, 39
control outlet pressure, 40

heat exchanger, precool, 9

heater, 24, 91

heater combustion temperature, 39
heater exciter, 91

heater heat flux, 39

heater ignition, 39

heater parameters, 39

mass, 39

pressurization flow rate, 40
sphere temperature, 40



storage sphere, 40
triplex, 30
Holddown, 68, 71, 72, 74
arms, 10, 101
points, 105
vibration, 70
Holds, 5
Horizon Sensor, 51, 52
Hydraulic
actuator gimbals, 31
lanyard disconnect, 11
- oil levels, 31
oil temperature, 31
source pressure, 31
S-1 pump, 5, 7, 10
S-1 system, 24, 31
S-IV system, 41
S-IV system accumulators, 41
S-1V system sequence valve, 41
temperature "OK" switch, 5, 10

I

IECO ( see cutoff)

Ignition
command S-IV, 65
. helium heater, 39

pops, main propellant, 26
retro rocket, 101
s-1, 26, 69, 70, 72,74
S-1 signal, 26
ullage rocket, 91
weights, 7
Impact
booster, 18, 22
RCA preliminary reports, 22
S-1V stage/BP-15, 18, 23
Impulse
specific, individual engine, 24, 26
specific, S-1, 24, 28
specific, S-Iv, 33, 34
S-1V cutoff, 35
total, hydrogen vent, 63, 64
total, retro rocket, 32
ullage rocket, longitudinal, 42
vehicle angular, 66
Inclination
orbital, 22
Insertion
orbital, 18, 22
orbital, time, 18, 22

Instrument Unit, 11, 31, 68, 75, 76, 79
electrical system, 91, 92
recorder, 98
umbilical separation, 11

Instrument Unit Measurements
accelerometer, 68, 69, 70
sound intensity, 97
system reliability, 94, 97
temperatures, 89
vibration levels, 68, 75, 76, 79

Instrumentation
battery one, 90
battery two, 90
ETR, 5, 7, 8, 100

Interstage
debonding, 79
forward vibration, 74, 79
pressure, aft, 83
separation, 65
s-1, §-1v, 30, 101
temperature, 85, 86, 87

J 1

Jettison
LES, 68, 70, 78, 99, 100, 101, 103
ullage rocket, 41, 42, 91

L

Lateral Motion
separation clearance, 65
Launch
camera coverage, 101
conditions, i1
Pad 37B, 5
Launch Escape System, 68, 103, 105
jettison, 68, 70, 78, 99, 100, 103
performance, 103
LH, (see fuel)
main pressure relief vent system, 61, 63, 64
tank heat input, 63, 64
tank pressure, 9, 41, 63, 64
vent pressure recording, 63, 64
Loads
axial, 70
center LOX tank, 69°
delta P loading systems, 7, 9
maximum pressure, 80
normal, factor, 68
propellant, 5, 7, 9, 10, 105



semi-automatic loading systems, 7
gkirt, 70
structurai flight, 68
S-1v, 77
vehicle, body, 69
vehicle, longitudinal, 69
LOX
container sumps, 31
dome, 29
fill and drain mast, 101
fill valve, 9
filter assembly gear, 105
levels, 31
main fill, 9
main pressure relief vent system, 61, 63
oxidizer systems, 9
pressures, 64
pressurization backup system, 39, 105
pressurization control orifice, 39
pressurization system, 24, 29, 30, 37
pump cooldown period, 39
pump inlet, 39
pump inlet pressure, 29, 39
pump seal purge, 30
replenish system, 9, 10
sloshing, 53
specific weight, 7, 9
supply pump, 9
S-1tanks, 7
S-1IV loading, 9
S-1IV pressure regulator, 5, 7
tank thermal environment, 80
tank ullage pressure, 29, 37
transfer line, 9
umbilical drain line, 11

vent, 61

vent valves, 9, 30, 61
LOX-S0OX

disposal system purges, 30

spheres, 29

Mach Number, 18
Malfunctions, 104
Mass (see weights)
helium, 39, 40
history, propellant, 40
history, vehicle, 33
loss rate, 34
S5-IV characteristics, 66
S-1V cutoff , 34
vehicle, 13
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Mast
LOX, fill and drain, 101
short cable, 101
Measurements
combustion stability monitor, 72
engine component vibration, 72
forward interstage vibration, 74, 80
retro rocket structural, 72
RL10-A vibration, 74, 78, 79
shear beam structural, 71
shear panel structural, 71
spacecraft strain level, 103
spider beam spoke vibration, 71
spider beam structural, 71
S-IV component vibration, 74, 79
Milestones, 5, 6
Minitrack, 23, 100
Mistram, 18, 100
Moments
aerodynamics, 68
bending, distribution, 68
pitch and roll, inertia, 13, 17
roll, 43
vehicle, maximum, 68
Mixture Ratio, 28
excursions, S-IV, 41
S-1v, 33, 34

Nominal
trajectory, 18

ODOP
AGC coverage, 100
system, 100

OECO (see cutoff)

Orbit
decay and reentry, 22, 23
extrapolated, 1§
insertion elements, 22
"O" ring of, 26
payload, 13
tracking, 101, 102
vehicle lifetime, 18, 22, 102

P
Payload, 109
Pegasus, 61, 63
Performance
S-IV propulsion system parameter, 33
Perigee

altitude, 18, 22



Pitch
S-1I stage, program, 45
Pogo
oscillations, 69
Pressure
aft interstage, 83
chamber, 69
* chamber, buildup, 24
cold helium regulator outlet, 40
cold helium supply, 39
conditional area, 89
detonation, switches, 85
- dynamic, 18, 21
engine fuel pump inlet, 29, 69
fin loading edge distribution, 93
fin measurements, 93
flame shield, 82
fuel ullage, 29
GN, supply sphere, 30
heat shield measurements, 93
hydraulic source, 31
LH, tank, 63, 64
LH, vent recording, 63, 64
LOX pump inlet, 29
LOX tank, 64
LOX ullage, 29, 37
regulated supply, 30
repeated surges, 26
retro chamber, 31, 32
surface, 80
S-I chamber, 26
S-1V chamber transients, 34, 35
S-1IV forward interstage, 89
. thrust frame compartment, 83
ullage rocket chamber, 41
unconditional area, 89
Pressurization
engine turbopump gearbox, 30
helium, flow rate, 40
inflight fuel tank, 36
step, 37
Probe
continuous level, 31
discrete level, 5, 7, 9
Propellant
automatic loading systems, 9
booster consumption, 13, 28
densities, 28
- depletion requirements, 28
depletion time, 33
flow rate, 9, 25, 31, 33
ignition pops, 26
loading, 9

residuals, S-1, 26, 31

residuals, S-1IV, 40

sensor data, 34

sloshing, 53

suction lines, 105

S-IV consumption, 13

tanks, 31, 105

tank temperature, 7

utilization, 24, 30, 40, 41

utilization probe, 53
Pump

inlet conditions, 28, 36, 37, 39

LOX, cooldown period, 39

speed, turbopump, 28
Purge

calorimeter seal, 30

disposal system, 30

engine compartment TV camera, 30

hydrogen vent duct, 30
LOX pump seal, 30

Q-Ball

angle-of-attack sensor, 45, 50, 51

retract cable, 11

Radar
altimeter, 18
C-Band system, 100
Grand Turk, 5, 6
KANO, 23
skin track, 103
Radiation
inner region, 82, 84
outer region, 82, 84

plume, 80

Range
cross, 18, 20, 22
slant, 33

surface, 19, 20, 22
Rate, Gyro, 51
Rates, Gimbal, 53
Rawinsonde

data, 11

winds, 45, 46
Recorder

instrument unit, 98

onboard tape, 94, 98

S-1 stage, 98

S-1V stage, 98, 100
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Valves

GOX flow control, 30

helium heater secondary coil, 39
hydraulic systems sequences, 41
hydrogen non-propulsive vent, 63
oxygen non-propulsive vent, 63
LOX replenishing control, 30
LOX tank vent valve, 37

LOX vent, 30

PU movement, 40

Velocity

comparison with nominal, 20
cross-range, 18, 20, 22
earth-fixed, 18, 20, 33

excess circular, 22

gain from engine thrust decay, 22
inertial components, 43
space-fixed, 18, 20, 22

vector, 20

Vent

hydrogen, duct purge system, 30
hydrogen, non-propulsive valve, 63
hydrogen stacks, 108

hydrogen total impulse, 63

LH,, 9, 61, 63, 64

LH, line, 11

LOX, 61

LOX valve, 9, 30, 37

main hydrogen cover, 63

main pressure relief LH, system, 61, 63
main pressure relief LOX system, 61, 63

non-propulsive system, 24, 37, 61, 63, 64, 105

oxygen, 63

oxygen, non-propulsive valve, 63
residual propellant, 61, 63
S-1line, 11

Vibrations

120

Apollo, acceleration level, 70
Apollo, structure, 77, 79

cold helium sphere, 74, 75, 79
engine, 71, 72

engine component measurements, 72
flight levels, 68

forward interstage measurements, 74, 79
fuel suction line flange, 72

fuel tank skirt ring frame, 74

fuel wraparound line, 73

GOX line, 73

hard-mounted instrument panel, 74
heat exchanger outlet flange, 72
holddown arm, acceleration level, 70
instrument compartment panels, 73

instrument unit, 75, 76, 79
instrumentation, 94, 95, 96

level spacecraft, 103

LH,, tank, 74, 78, 79

longitudinal, 72

RIL10-A, gear case housing, 74, 78, 79
RL10-A, measurements, 74, 78, 79
shock-mounted instrument panel, 74
shroud panel, levels, 71

skin vibration, 75

spider beam, measurements, 71
structural level, 68

St-124, 76

S-IV componeénts meagsurements, 74, 75, 79
S-IV thrust structure, 74, 78, 79

thrust chamber dome, measurements, 26
yaw, 72

Voltage

8D11 and 8D21 Bus, 90
5-volt measuring supply, 90

“’V
Weights
ignition, 9
lift-off, 26

propellant, 28
spacecraft, 109
specific, fuel, 7, 9, 25
specific, LOX, 7, 9, 25
vehicle, 28

Winds (see atmospheric)



Pitch
S-1 stage, program, 45
Pogo
oscillations, 69
Pressure
aft interstage, 83
chamber, 69
chamber, buildup, 24
cold helium regulator outlet, 40
cold helium supply, 39
conditional area, 89
detonation, switches, 85
dynamic, 18, 21
engine fuel pump inlet, 29, 69
fin loading edge distribution, 93
fin measurements, 93
flame shield, 82
fuel ullage, 29
GN, supply sphere, 30
heat shield measurements, 93
hydraulic source, 31
LH, tank, 63, 64
LH, vent recording, 63, 64
LOX pump inlet, 29
LOX tank, 64
LOX ullage, 29, 37
regulated supply, 30
repeated surges, 26
. retro chamber, 31, 32
surface, 80
S-1I chamber, 26
S-IV chamber transients, 34, 35
S-IV forward interstage, 89
- thrust frame compartment, 83
ullage rocket chamber, 41
unconditional area, 89
Pressurization
engine turbopump gearhox, 30
helium, flow rate, 40
inflight fuel tank, 36
step, 37
Probe
continuous level, 31
discrete level, 5, 7, 9
Propellant
automatic loading systems, 9
booster consumption, 13, 28
densities, 28
- depletion requirements, 28
depletion time, 33
flow rate, 9, 25, 31, 33
ignition pops, 26
loading, 9

residuals, S-1I, 26, 31
residuals, S-1V, 40
sensor data, 34
sloshing, 53
suction lines, 105
S-IV consumption, 13
tanks, 31, 105
tank temperature, 7
utilization, 24, 30, 40, 41
utilization probe, 53

Pump
inlet conditions, 28, 36, 37, 39
LOX, cooldown period, 39
speed, turbopump, 28

Purge
calorimeter seal, 30
disposal system, 30
engine compartment TV camera, 30
hydrogen vent duct, 30
LOX pump seal, 30

Q-Ball
" angle-of-attack sensor, 45, 50, 51
retract cable, 11

Radar
altimeter, 18
C-Band system, 100
Grand Turk, 5, 6
KANO, 23
skin track, 103
Radiation
inner region, 82, 84
outer region, 82, 84

plume, 80

Range
cross, 18, 20, 22
slant, 33

surface, 19, 20, 22
Rate, Gyro, 51
Rates, Gimbal, 53
Rawinsonde

data, 11

winds, 45, 46
Recorder

instrument unit, 98

onhoard tape, 94, 98

S-Istage, 98

S-IV stage, 98, 100
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transfer signal, 98

Regulator
control pressure, 30

Resolver
chain error, 52, 53

Retro Rocket, 31, 65, 66
flame attenuator, 94, 98, 99, 100
ignition, 101
propellant grain temperature, 32
structural measurements, 71
support bracket accelerometers, 72
thrust level, 32, 105

Roll
angular rate, 61, 64
error, 65, 66
moment, 43
torque, 43

S

Separation, 30, 31, 65, 68, 70, 101, 105
command, 65
lateral clearance, 65
minimum clearance, 65
television coverage, 100
transients, 67
Signal
loss of telemetry, 21
RF dropout, 98, 99, 100
RF performance, 98, 100
telemetry, 100
Simulation
cluster performance, 24, 25
drag shape, 26
flight, 25, 33, 34
propulsion performance flight analysis, 93
thrust shape, 24, 25, 26
Sloshing
LH,, 54, 55
LOX, 53, 54
propellant, 53
Sound
level measurements, 11, 12
pressure levels, 11
Spacecraft (see Apollo)
BP-15, 103, 109
command module, 103, 105
impact, 18, 23
service module, 103, 105, 109
vibration level, 103
ST-908
stabilized platform, 105
ST-124
compartment temperature, 89
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guidance system, 45
platform functions, 44, 45
steering corrections, 45
system, 105, 109
vibration, 76
Stability
combustion, 26
Static Test
penalty, 29
Steering
vehicle, 31
Strain Gauge
cooling, 70
tank skirt, 70
Surface
absorptivity, 82, 85
emissivity, 82, 85
flame shield colorimeter, 82, 85
Systems
destruct command, 100
distribution, pneumatic, 10
electrical stage, S-I, 90
electrical stage, S-IV, 90, 91
electrical IU stage, 91, 92
environmental control, 10
Firex activation, 5, 7
fire detection, passenger, 94, 98
fuel tank pressurization, 24, 29, 30, 36, 37
gimbaling, 31, 105
hydraulic, 24, 31, 41
LOX replenish, 9
LOX tank pressurization, 37, 105
measuring, 94
ODOP, 100
pressure, pneumatic control, 30
propellant loading, 7, 9, 10, 28
propellant utilization, 40, 41
RF, 98, 100
spacecraft cooling, 11
S5T-124,-43, 45, 55, 56, 105, 109
S-1 propulsion, mathematical model, 28
S-1V pneumatic, 40
umbilical pneumatic connector, 5, 10, 11
vent, non-propulsive, 37
T

Telémetry, 102
Apollo, 99
IU links, 97
multicoder, 98
rate gyro, 61
RF performance, 97, 100
RF systems, 98, 100
transmitter, 98



VCO, 98
Television
AGC curves, 100
Temperature
access chute structure, 83
aft shield, 86, 87
cloth closure, 88, 89
cold helium supply, 39
engine compartment gas, 83
engine shroud gas, 82
fin skin, 80
flame shield, 82
forward interstage, 85, 86
GH,, 37
helium heater combustion, 39
helium sphere, 40
hydraulic oil, 31
hydrogew vent pipe, 81

inboard engine turbine exhaust duct, 81

IU components, 89

LH, tank, 85

LOX tank, 7, 9

plenum chamber, 30

propellant tank, 7, 9

retro rocket propellant grain, 32
surface, 80

S-1-7 base, 81

S-1-7 inner and outer region gas, 81

§-IV forward interstage, 89

tail shroud, 80, 81

thrust structure, 87

ullage, 37

ullage rocket fairing, 86

ullage rocket grain, 41
Thermal

base, environment, 80

LOX tank, environment, 80, 81
Thrust

chamber, S-IV engine, 30

corrections, 26

individual engines, 24, 26, 28

level, 24, 26, 28, 29, 105

observed, 69

retro rocket, 32, 105

static, 68

structure, 31, 105

S-1 buildup, 24, 69

S-Idecay, 25, 31

S-1 longitudinal, 24, 26

S-1 simulated shape, 24

S-1 static, 69

S-1v, 33, 34, 105
S-IV buildup, 34, 66
S-IV overshoot, 34
ullage rockets, 41
vectoring, 31

vector misalignment, 43, 48, 49, 67

Time
first motion, 18, 101
indexing, 101
insertion, 18, 61
Tracking Data
altimeter, 18
booster, 22
discrepancies, 18
GLOTRAC, 18, 99
Minitrack, 23
MISTRAM, 18
radar skin, 102
Tracking Networks
DOD, 102
GLOTRAC, 18, 99
Minitrack, 23, 102
MOTS, 102
MSFN, 102
NORAD, 102
SAO, 102
STADAN, 102
Tracking Systems
Azusa, 99
GLOTRAC, 18, 99
MISTRAM, 18
radar, 18
Trajectory
booster free flight, 18, 22
nominal, 18
powered, construction, 18

powered, deviations from nominal, 18

S-1 powered, 19

S-IV powered, 19, 101
Transients

S-IV chamber pressures, 34

U

Ullage Rocket, 41, 65, 67
chamber pressure, 41
grain temperature, 41
ignition, 91
jettison, 42, 91

Umbilical
connector, 7, 101
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Valves

GOX flow control, 30

helium heater secondary coil, 39
hydraulic systems sequences, 41
hydrogen non-propulsive vent, 63
oxygen non-propulsive vent, 63
LOX replenishing control, 30
LOX tank vent valve, 37

LOX vent, 30

PU movement, 40

Velocity

comparison with nominal, 20
cross-range, 18, 20, 22
earth-fixed, 18, 20, 33

excess circular, 22

gain from engine thrust decay, 22
inertial components, 43
space-fixed, 18, 20, 22

vector, 20

Vent

hydrogen, duct purge system, 30
hydrogen, non-propulsive valve, 63
hydrogen stacks, 108

hydrogen total impulse, 63

LH,, 9, 61, 63, 64

LH, line, 11

LOX, 61

LOX valve, 9, 30, 37

main hydrogen cover, 63

main pressure relief LH, system, 61, 63
main pressure relief LOX system, 61, 63

non-propulsive system, 24, 37, 61, 63, 64, 105

oxygen, 63

oxygen, non-propulsive valve, 63
residual propellant, 61, 63
S-1line, 11

Vibrations
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Apollo, acceleration level, 70
Apollo, structure, 77, 79

cold helium sphere, 74, 75, 79
engine, 71, 72

engine component measurements, 72
flight levels, 68

forward interstage measurements, 74, 79
fuel suction line flange, 72

fuel tank skirt ring frame, 74

fuel wraparound line, 73

GOX line, 73

hard-mounted instrument panel, 74
heat exchanger outlet flange, 72
holddown arm, acceleration level, 70
instrument compartment panels, 73

instrument unit, 75, 76, 79
instrumentation, 94, 95, 96

level spacecraft, 103

LH,, tank, 74, 78, 79

longitudinal, 72

RL10-A, gear case housing, 74, 78, 79
RL10-A, measurements, 74, 78, 79
shock-mounted instrument panel, 74
shroud panel, levels, 71

skin vibration, 75

spider beam, measurements, 71
structural level, 68

St-124, 76

S5-IV components measurements, 74, 75, 79
S-1IV thrust structure, 74, 78, 79

thrust chamber dome, measurements, 26
yaw, 72

Voltage

8D11 and 8D21 Bus, 90
5-volt measuring supply, 90

w
Weights
ignition, 9
lift-off, 26

propellant, 28
spacecraft, 109
specific, fuel, 7, 9, 25
specific, LOX, 7, 9, 25
vehicle, 28

Winds (see atmospheric)
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